| 


JOURNAL OF 


THE INSTITUTE 
OF PETROLEUM 


FOUNDED 1913+INCORPORATED 1914 


Vol, 36 JANUARY 1950 No. 313 


Contents 
Bitumen Horizons, 
By A. W. Jarman, 


Bromination Methods of Measuring Unsaturation 
in Motor Spirit—A Critical Survey. 
By G., E. Wilson. 


Stability of Fuel Oil/Gas Oil Blends. 
By D. G. Butlin. 


Sulphur (Corrosive)}—Copper Strip Tests. 
Membership Classification. 
Spelling of Kerosine. 
Abstracts. 
Book Reviews. 
Books Received. 
Applications for Membership or Transfer. 


Published by the Institute of Petroleum, 
Address: Manson House, 26 Portland Place, London, W.1. 
Telephone No,: LANgham 2250, 
Telegraphic Address: Instpetech, Westdo, London. 
Printed in Great Britain by Richard Clay and Company, Ltd., Bungay, Suffolk. 


Price 10s. 0d. Annual Sub. £4 14s. 6d. (Post Free) 


" 
: 
: 
: 
| 
\ 


COUNCIL, 1948-1949 
PRESIDENT: 
A. Evans, M.1.Mech.E., F.R.1.C. 
\ PAST-PRESIDENTS: 


Andrew B.E. A. E, Dunstan, D.Sc., 
S. J. M. Auld, 0.B.E., M.C., D.Sc. F. H. Garner, O.B.E., Ph.D., F.R.1.C, 
4. $. J. Kewley, M.A., F.RA.C, 
VICE-PRESIDENTS: 
M. A. L. Banks, B.Sc., F.R.LC, were 
E. j. Du M.Sc. ‘J. S. Parker, M.A., 3.Sc. 
E. 8. B. Evans, Ph.D., M.Sc., F.R.LC. A. P. Southwell, M.C., B.Sc, 
MEMBERS OF COUNCIL: 
W. S. Ault, B.A. D. L. Samuel, B.Sc., A.R.L.C. © 
V. Biske, L.L.M., B.Sc., G. H. Smith, Ph.D. 
Cc. D. Brewer, M. Mech.E R. B. Southall 
C. T. Brunner, M.A. E. Stokoe 
F. L. Garton, M.A., B.Sc. E. J. Sturgess, B.Sc. 
H. S. Gibson, C.B.E., M.A., H. C. Tett, B.Sc., D.1.C, 
M.1.Mech.E. G. H. Thorniey, M.Sc. 
T. F. Laurie E. Thornton, Se. F.R.LC. 
J. A. Oriel, C.B.E., M.C., M.A. H. de Wilde, M. Sc., M.L.Mech.E. 
F. Morton, Ph.D., F.R.I.C. A. T. Wilford, B.Sc., F.Ri.C. 
H. E. F Pracy, B.A W. J. Wilson, F. R.LC., ACG 
EX-OFFICIO; 


A. J. Goodfellow, B.Sc., A.R.I.C. 
F B Se } London Branch. 


A. Fleming. Scottish Branch. 

T. W. Ranson. Northern Branch. 
E. J. Horley. South Wales Branch. 
J. G. Hancock. Stanlow Branch. 


HONORARY SECRETARY: C. Chilvers, B.Sc., F.R.ILC. 
HONORARY TREASURER: G. H. Coxon 


HONORARY EDITOR: F. H. Garner, O.B.E., Ph.D., F.R.I.C. 
HONORARY ASSOCIATE EDITOR: E. B. Evans, Ph.D., M.Se., F.R.ILC. 
EDITOR: George Sell 
GENERAL SECRETARY: D. A. Hough, A.1.A.C. 
TECHNICAL SECRETARY: Peter Kerr, M.A., B.Sc., F.R.ILC. 


HON. SECRETARIES OF BRANCHES 


Fawley Branch: |. McCallum, Treside,”’ New Road, Hythe, Southampton. 
ee London Bronch: N. E. F. Hitchcock, c/o C. C. Wakefield & Co, Led., Crown Works, Hayes, 


Middlesex. 

Northern Brench: G. M. sie CE Hate 
Trafford Whart Road, 

M. Stirling, Scottish Oils Led., Middleton Heli, Uphall, Broxburn, 

E. J. Horley, National Refineries Led., Lisndarcy, Glam. 

Stanlow Branch: V. Biske, Lobitos Oilfields Ltd., The Refinery, Ellesmere Port, Cheshire. 

Trinidad Branch: 4. $ Colleott, B.Sc., Trinidad Petroleum Development Co. Ltd., Palo 
Seco, via Siparia, Trinidad, 


a 
; 
4 | 
| 
f 
4 


Vou. 36. No. 313. JANUARY 1950. 


THE INSTITUTE OF PETROLEUM. 


A MEETING of the Institute of Petroleum was held at Manson House, 26 
Portland Place, London, W.1, on Wednesday, October 12, 1949, Professor 
F. H. Garner, O.B.E. (Past-President) presiding. 


THE GENERAL Secretary (D. A. Hough) read the minutes of the previous 
General Meeting and announced the names of newly elected members. 


THE CHAIRMAN : It is comparatively rarely that a paper is presented to 
the Institute on bitumen or asphaltic bitumen, or “ asphalt,” as our 
American friends call it, although it is a field to which petroleum technolo- 
gists have contributed very largely. Bitumen has always been a separate 
section of the petroleum industry because of the way in which the petroleum 
industry has developed. ‘The first products of the petroleum industry were 
kerosine and lubricating oils, in two entirely separate divisions. To kero- 
sine was later added gasoline, and at a later stage bitumen and the black 
oils became important petroleum products. i 

Even to-day it is comparatively rarely that technologists are found in 
the petroleum industry who are familiar with all these four or five distinct 
groups. In the case of the asphaltic bitumen, this is due largely to the fact 
that the type of customer supplied is quite diflerent from those in the other 
branches of the industry; the material is supplied to municipal authorities, 
and so forth, its main use being road surfacing. There is probably no 
petroleum product for which there are more empirical tests than asphaltic 
bitumen. While the flow properties of asphaltic bitumen at high tempera- 
ture are measured by viscosity, and there are a series of other tests applied 
at lower temperatures—the various forms of melting point, penetration, 
and ductility tests which are used for measuring flow properties. 

Very little is really known about the chemical compounds present in 
bitumen or even its physical structure, and in consequence there has been 
a vast literature, much of it highly speculative. It is for this reason that 
Mr Jarman’s paper is particularly welcome, coming as a refreshing breeze 
and leading to a re-examination of some of these speculations. I should 
not over-emphasize that aspect, however, because a great deal of very solid 
work has been done. Although it is very invidious to mention particular 
names in this connexion, I should like to call attention to the work of the 
Road Research Laboratory in Britain, of Hubbard in America, and of Mack 
in Canada. 

Mr Jarman needs no introduction to those who are in the bitumen 
industry; to those who are not, his paper will prove a more than adequate 


introduction. 


Mr JARMAN then presented the following paper. 
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BITUMEN HORIZONS. 
By A. W. Jarman. 


SuMMARY. 


An attempt has been made to review current U.K. practice in the utilization 
of bitumen, including its use for road and airfield surfacing, for hydraulic 
engineering, and for a wide range of industrial purposes. Space has not 
permitted these to be described in detail, but they could provide a basis for 
discussion. 

Reference has also been made to the question of the definition of bitumen 
in the hope that some progress might be made towards finalizing some out- 
standing differences of opinion. 

The properties of bitumen are mentioned, and indications are given as to 
the direction in which further modification of these is considered desirable 
with a view to extending the wide scope of bitumen utilization. 


In choosing this somewhat fanciful title there is no intention of attempting 
to invest an otherwise sombre subject with either glamour or mysticism. 
It was chosen to indicate the trend of thought followed by the author in his 
endeavour to meet the rather conflicting requests that the paper should 
give a general survey of the uses to which bitumen is put and at the same 
time should be as controversial as possible. It seemed unlikely that a 
factual summary of the uses of bitumen could, in itself, contain much 
contentious matter, and therefore an attempt has been made to combine 
with this certain views on those features of this material which at present 
limit its scope in the hope that these would provide a basis for discussion 
and might stimulate further inquiry into the possibility of modifying its 
properties and thus extending its already diverse field of utilization. The 
opportunity has also been taken of ventilating some of the minor obscurities 
which still attach to the subject and upon which discussion may lead to 
clarification: It is emphasized that the paper deals only with British 
aspects of the subject. 


DEFINITIONS. 


There is, in the author’s view, still some undesirable confusion on the 
fundamental question of the definition of bitumen, and recent deliberations 
of the appropriate sub-committee of the Institute have indicated that this 
is not so easily removed as might have been expected. Before proceeding 
with those aspects of the subject which form the main purpose of this paper 
it might therefore be justified to ensure that the meaning of the term 
“ bitumen ” is understood. The difficulty seems to be that there are two 
meanings in British terminology, one in accordance with the official defini- 
tion and another according to common usage of the word. The official 
definition is known to (though not necessarily by) most technologists and 
reads as follows :— 


Bitumen :-— 


Mixtures of hydrocarbons of natural or pyrogenous origin or combinations 
of both (frequently accompanied by their non-metallic derivatives) which can be 
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gaseous, liquid, semi-solid or solid and which are completely soluble in carbon 
disulphide. 

This is obviously a generic term, no doubt well founded scientifically 
and quite appropriate in its proper sphere but of much wider implication 
than the conventional sense in which the word is normally used. The 
official defimtion has associated with it a sub-division under the term 
“asphaltic bitumen.” 


Asphaltic Bitumen :— 


Natural or naturally occurring bitumen, or bitumen prepared from natural 
hydrocarbons or from derivatives of natural hydrocarbons by distillation or 
oxidation or cracking ; solid or viscous, containing a low percentage of volatile 
products ; possessing characteristic agglomerating properties, and substantially 
soluble in carbon disulphide. 

This narrows the field and is understood to indicate that type of bitumen 
which is “‘ asphaltic ”’ in the sense that it is a material which has properties 
of the character associated with the word asphalt or is capable of being 
used to produce material of an “ asphaltic ’ nature. It can be argued that 
this gives all the precision that is required, and, in fact, the term has been 
adopted fairly generally in British technical circles. The only trouble is 
that in normal technical and commercial language it is almost inevitably 
shortened to * bitumen,” and the double term is regarded as cumbersome 
and a trifle pedantic. The great preponderance of asphaltic bitumen to- 
day is produced by the oil industry from petroleum, and consequently the 
abbreviation “ bitumen ”’ is mainly interpreted as applying to that product. 
There is, therefore, a case for letting common usage decide the meaning of 
the word and amending the official definitions accordingly. 

Allowance needs to be made for the “ natural”’ bitumens, such as 
Gilsonite, and for the soluble constituents of natural asphalts, but their 
significance is such that they could not unjustly be regarded as exceptions. 
It is, of course, necessary to insert the usual reference to American termin- 
ology where “ asphalt ” is synonymous with the British term “ bitumen ” 
(in the conventional sense), but there seems little hope of reconciling this 
difference. 

For the purpose of this paper the word “ bitumen ”’ will be used for the 
product derived from petroleum by refinery methods, primarily by distilla- 
tion and/or air blowing, but not excluding solvent extraction, precipitation, 
cracking, or other less usual processes. It is not proposed to describe these 
methods of manufacture in detail, but for reference purposes the term 
* straight-run”’ will be used for those grades obtained as end-products 
from the distillation of asphaltic crude (the term “ residual” is avoided 
on account of derogatory popular misunderstanding); ‘‘ blown ”’ will be 
used as an abbreviation for air-blown, or “* oxidized,” grades; ‘‘ cuthack ”’ 
for those grades comprising a soft straight-run bitumen fluxed with a sol- 
vent of moderate volatility; ‘‘ emulsion” for soft grades of bitumen 
emulsified by conventional processes. 

While it could be similarly argued that the properties of bitumen are 
equally well known, it seems desirable to state these as a basis for describing 
the uses to which the material is put. The author finds this more difficult 
than might be expected, but it is probably a common difficulty when 
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attempting fundamental descriptions of many basic materials. The 
chemical constitution of bitumen is predominantly hydrocarbon, probably 
of mixed types but too complex for easy identification. It is normally 
regarded as having a colloidal structure, comprising nuclei of relatively 
high carbon-hydrogen ratio dispersed in an oily or resinous medium of 
lower carbon—hydrogen ratio, the change being progressive and consequently 
giving a product which, for all practical purposes, is homogeneous. By 
virtue of its hydrocarbon nature it is chemically inert as evidenced by its 
characteristic durability when exposed to atmospheric conditions, its 
resistance to water and many other corrosive influences. Its physical 
constitution provides the characteristic ductile and adhesive properties 
and its thermo-plasticity. Modern manufacturing methods ensure ex- 
tremely low volatility and consequent stability against change in condition 
by evaporation, and its derivation largely excludes contamination with 
extraneous matter. The normal specifications for bitumen do not indicate 
the fundamental properties but are mainly directed towards grade differen- 
tiation in regard to the consistency, and to certain safeguards of quality in 
relation to purity and volatility. The arbitrary tests used for these 
purposes need not be described here. Those properties which are inherent 
to bitumen are regarded as implicit in the material and would, in any case, 
be very difficult to specify in terms of tests. 

The function of bitumen in its diverse field of utilization is based upon 
the inherent characteristics; the particular grade chosen for an individual 
use is described in terms of the conventional tests. 

Road construction and maintenance has been, and is likely to remain, 
the foremost usage of bitumen, although at the time of writing the other 
u-es, sometimes described as ‘ industrial,’ account, in the aggregate, for 
# »out as much as the consumption for roads. 


Roap USsEs. 


The use of bitumen for road surfacing comprises a variety of different 
processes having a common principle in which the inherent properties 
of bitumen are well illustrated. Its adhesive properties are obviously a first 
consideration, since one of its main functions is to bind together the mineral 
components of the surfacing. Durability under atmospheric exposure, 
coupled with water resistance, are essential to withstand the conditions of 
use, and ductility or “ deformability ’’ are necessary to contend with the 
impact of traffic forces. Its thermo-plasticity permits the application to 
be carried out conveniently and with a minimum interruption of road 
services, 

The various road-surfacing methods cannot be described in detail, but 
the following brief outline will give some indication of their nature and 
purpose. 


Hot Asphalt. 


(a) Steam-rolled. A carefully proportioned mixture of sto:e, sand, filler, and 
bitumen, mixed hot in paddle mixers, spread mechanically or by hand while hot and 
consolidated by rolling. Conventionally laid from 2 to 5 in thick on prepared founda- 
tion in one or two coats, giving a dense durable surfacing under even the heaviest 
traffic conditions. Described in British Standard 594, which specifies the bitumen as 
having a penetration between 30 and 80. 
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(b) Mastic. A mixture of fine limestone dust or powdered rock halt and bitumen 
prepared in mechanically stirred heated mixers and spread hot by hand with wooden 
floats. Usually laid 1 to 2 in thick and covered, while still warm, with 1} or } in of 
stone chippings pre-coated with bitumen which are rolled or otherwise pressed into 
the surface. One of the earliest forms of asphaltic surfacing used in Britain and 
enjoying a considerable reputation, particularly for heavily trafficked roads in in- 
dustrial areas and in situations where hygienic conditions necessitate an impervious 
surface. British Standards 1446 and 1447, bitumen of 20/50 penetration. 

(c) Compressed Rock ye Natural rock asphalt is pulverized, heated, and 
spread hot on a prepared base. Consolidation is initially given by hot irons and 
subsequently by traffic. An early form of surfacing for city streets ‘and commended 
for its hygienic poapentiee, but subject to criticism on account of slipperiness. The 
modern version is covered with a dense layer of pre-coated chippings to give exceptional 
non-skid durability under severe traffic conditions. 


Bitumen Macadam. 

Suitably graded stone (or slag), dried, warmed, and coated in a paddle mixer with 
bitumen, either cut-back or a soft straight-run grade. Differs from hot asphalt in 
having a relatively open texture and in being laid cold, when desired, some considerable 
time after mixing. Spread mechanically or by hand and consolidated initially by 
rolling and salenaunale by traffic; laid in one or two courses from 1} to 4} in consoli- 
dated thickness and also extensively used as a thin application course } to 14 in thick 
for resurfacing existing roads which, although sound, have suffered surface deteriora- 
tion. British Standard in preparation. 


Cold Fine Asphalt. 

Fine-graded stone (or slag) dust lightly coated with soft straight-run bitumen or 
cutback to give a mix which will store almost indefinitely, if necessary, and can be 
laid cold but consolidated under rolling and traffic to give a dense but non-skid sur- 
face. Usually laid } to 1 in thick and frequently covered with pre-coated chippings. 
British Standard in preparation. 


Surface Dressing. 


A thin film of bitumen (usually cutback or emulsion) applied mechanically to existing 
road surface and covered with stone chippings. Originating with the early attempts 
to reduce the dust nuisance of water-bound macadam roads (caused by the advent of 
motor traffic) by application of crude tar, it is now regarded as a cheap method of 
sealing the road and applying a new wearing surface. 


Grouting (or Penetration method). 


A layer of stone is first placed on the road base, and heated bitumen or cutback, 
or emulsion, is poured into the interstices. Consolidated by rolling and finished with 
a surface seal, 


Wood Blocks. 

Rectangular wooden blocks placed by hand on a prepared base and sealed with 
bitumen. 
Stone Setts. 

Rectangular blocks of stone placed by hand on a prepared base and grouted with 
bitumen (usually containing mineral filler). 
Concrete Roads. 


These obviously contain no bitumen in the mixture, but require bitumen for sealing 
the expansion joints, usually poured hot after the joints have been first filled with 
compressible jointing material. Bitumen emulsion and bitumenized paper are also 
used for the curing process. 


AIRFIELD SURFACING 


The surfacing of runways, perimeter tracks, and other paved sections of 
airfields naturally has much in common with road practice, and several of 
the conventional road surfacings are used. During the war extensive use 
was made of a special process for the treatment of sites where the soil 
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consisted of reasonably clean sand. A special cutback bitumen—* S8.R.0.” 
-—used in conjunction with lime, enabled wet, cold sand to be treated to 
form a durable stable surfacing. 


HypRAULIC ENGINEERING. 


The use of bitumen in hydraulic-engineering projects is of comparatively 
recent introduction (if one excepts, as in many bitumen applications, the 
enterprising asphaltic activities of Nebuchadnezzar and his contemporaries). 
In Great Britain developments have so far been on a somewhat modest 
scale, but already there has been successful application of the principle of 
sea-wall grouting, using a heated mixture of straight-run bitumen, sand, 
and asbestos, and of the asphalt surfacing of sea-walls. There has also 
been some use of hot asphalt for underwater grouting of massive masonry 
or concrete-block causeways. The process of soil impermeabilization by 
the injection of special emulsions which are caused to coagulate at pre- 
determined depths has been studied but not so far used on a practical scale. 


INDUSTRIAL USEs. 


The industrial uses of bitumen cover so wide a field that systematic 
classification becomes extremely difficult. It might be thought that a 
classification according to the main function of the bitumen would provide 
a suitable basis, and the author has spent some considerable time in attempt- 
ing this, but has been unable to find a satisfactory solution due to the many 
cases where a multiple function is performed and the many others which 
are particular. To place the uses in order of importance leads to invidious 
distinctions, and, on the assumption that such interest as this paper may 
provide may include both minor and major uses, the author has resorted to 
the rather prosaic expedient of an alphabetical list. An outline is given of 
the process and purpose. 


Accumulators (Electrical). 


Hot bitumen poured over the top of the cells provides an airtight, watertight, acid 
of, resilient seal. 


Barrel Lining. 


Many barrels for potable (and some non-potable) liquids are lined with bitumen as 
an inert, odourless, tasteless, reasonably tough, and temperature-resistant medium. 


Batteries (Dry). 

Sealed with hot bitumen similarly to accumulators. 
Battery Boxes. 

See Moulding Compounds. 
Belt and Belt Dressing. 


Bitumen is a frequent component of impregnants for fabric belting to increase 
durability and of belt dressings to promote grip. 


Boot and Shoe Stiffeners. 


Ae m The internal stiffening of toe uppers (‘‘ toe puffs "’) is often achieved by a bitumenized 
Bot - board. Back stiffeners are not so treated for physiological reasons. 


Brake Linings. 


Bitumen is a component of the impregnant for some types of fibre base linings. 
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Brattice Cloth. 


Hessian or canvas proofed by hot impregnation in bitumen, used primarily for 
ventilation control in mines. 


Briquettes (Coal). 


As a binder for coal dust bitumen has some special merits, but its use is limited by 
cheaper alternatives. 


Brush Manufacture. 
As the adhesive for knots of bristles in brush and broom heads. 


Cable Manufacture. 

In armoured cables bitumen is applied between successive layers of steel tape or 
wire armouring and of intermediate jute or hessian wrappings. The latter are also 
impregnated with bitumen. 


Coffin Lining. 
A self-explanatory, though somewhat macabre, use. 


Cork Insulation. 


As the adhesive, or alternatively as a moisture barrier, between successive layers of 
cork slabs. 


Damp-coursing. 

This may be in the form of prepared strips of heavily bitumenized felt or fabric 5 
(manufactured similarly to roofing felt), sometimes reinforced with lead sheeting, or f 
may consists of an in situ application of mastic asphalt by hand floating. An alter- ‘ 
native, and more economical, method utilized for the concrete base of smaller struc- : 
tures, e.g., prefabricated houses, is the ‘‘ sandwich ’’ process in which hot bitumen is § 


spread over the base half-way through a two-course construction. 


Electrical Compounds. 

Bitumen is used for a variety of filling compounds for cable joint boxes, electrical 
switchgear, ete., as sealing compounds for small electrical components, and for the 
impregnation of coils for motors, transformers, etc. 


Emulsions. 

Reference has been made to the use of bitumen emulsions for road work, enabling 
several types of application to be carried out without heating. Such emulsions are, in 
general, and are intended to give fairly rapid breaking on the road. 
Other emulsions, used for a variety of waterproofing purposes and for incorporation in 
certain types of waterproof paper and board, are clay-stabilized to provide the greater 
stability demanded by conditions of use. 


Expansion Jointing. 
As in the case of concrete roads, bitumen is used for structural expansion joints to 
give a flexible seal. 


Explosives. 
In the explosives industry bitumen is used for waterproofing safety fuses, being 
applied to the successive wrappings which enclose the powder. 


Floor Coverings. 

There is an extensive manufacture of felt-base floor covering, used as an alternative 
for cork linoleum. A rag felt is impregnated with hot bitumen, and subsequently 
printed in patterns with oil colours which are caused to dry by gentle stoving. 


Flooring. 
Mastic asphalt, of a suitable composition, is extensively employed as a continuous, 
jointless, heavy-duty flooring. 


Glass (Safety). 
Multi-layer safety glass is sealed with bitumen at the edges to exclude air and 
moisture. 
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Gunned Asphalt. 


A method of epplying bitumen to structures for protection purposes. Appropriate 
mixtures of powdered hard bitumen and mineral matter are projected through a 
propane—oxygen flame gun and reach the surface in a softened condition which forms 
@ continnous impermeable layer of the thickness desired. 


Hydroponics (Soil-less Plant Cultivation). 


Primarily included to indicate the less usual applications of bitumen, which in this 
minor use 1s applied to seal the containers in which the nutrient solutions are held. 


Insulating Tape. 
Bitumen is a frequent constituent of the composition applied to the fabric base. 
Lens Grinding. 


For machine grinding a hard bitumen has been used for holding in place the glass 
lenses. Easy removal of the lenses after grinding is effected by cooling. 


Lubricants. 


Bitumen is @ main constituent of certain heavy lubricants, particularly the hot neck 
grease used on the roller necks of hot steel sheet-rolling mills. 


Marine Glue. 


Usually mixtures of bitumen and mineral filler poured hot into the joints (seams) 
of wooden decks to give a watertight flexible seal. 


Moulding Compounds. 


Bitumen-base moulding compounds, in which a hard bitumen is incorporated with 
reinforcing fillers, have a limited use, particularly for battery boxes for motor cars and 
other heavy vehicles. 


Paints. 


Simple solutions of hard bitumen in petroleum or coal-tar solvents are extensively 


used for cheap black protective paints, and bitumen is an ingredient of certain other 
types, notably japans, where its dark colour is not detrimental. Pigmented bitumen 
emulsion paints were widely used for camouflage purposes. 


Panel Board (Bitumenized Millboard). 


A waterproof, rigid board used extensively for the internal panelling of cars and 
various other purposes. Bitumen, in the form of emulsion, is added to the fibre base, 
and the finished board is subjected to hot calendering. 

Paper, Waterproof. 

Bitumen is applied to paper either as a single or double-sided coating, or between 
two layers of paper, or between paper and a reinforcing fabric, e.g., hessian, Alter- 
natively, the bitumen may be incorporated as an emulsion added to the fibre before 
forming the paper, thus giving integral waterproofing. 

Pipe Protection. 


Steel and cast-iron pipes are given heavy coatings of bitumen where additional 
protection is required, e.g., for buried pipelines. Water mains are frequently lined 
similarly. 


Printing Inks. 


Photogravure inks are based essentially on solutions of bitumen in volatile solvents. 
Bitumen may also be included in certain types of news and letterpress inks. 


Protected Metal. 


Bitumenized asbestos felt applied to steel sheeting by means of a bitumen adhesive 
to give increased durability. 
Roofing. 


Mastic asphalt is used extensively for roofing, the general composition being as 
organ 4 described, ** Built-up” felt roofing consists of multiple layers of roofing 
elt with intermediate hot bitumen applications as adhesive. 
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Roofing Felt. 

This widely used product consists of a rag felt, saturated first with a hot soft bitumen 
and subsequently surfaced with a layer of blown bitumen and filler. 
Rubber Softener. 


Under the description of ‘* mineral rubber,’’ highly blown bitumens or hard straight- 
run grades are used as softeners for certain rubber mixes to facilitate the incorporation 


of fillers, 
Tarpaulins (Waterproof Covers). 


As an alternative to the conventional linseed-oil tarpaulins, bitumen is used in the 
so-called ‘* C.A.B.”’ process. Canvas is first subjected to the ‘ cuprammonium ”’ or 
equivalent rotproofing process and subsequently treated with bitumen for additional 


waterproofing. 
Waterproofing Compounds. ° 


Bitumen is the basis of a variety of compounds used for miscellaneous protective 
and waterproofing purposes. They consist usually of bitumen solutions or emulsions 
reinforced with mineral and/or fibrous fillers. 


Reviewing these uses of bitumen it will be seen that it enters into a wide 
diversity of processes, seldom as the dominant component, but nevertheless 
as a significant one. It naturally follows that it must therefore satisfy 
certain standards of quality, both in regard to those properties which are 
inherent and those which are amenable to control during the process of 
manufacture. This in itself should be sufficient to dispel the old but tena- 
cious fallacy that bitumen is merely a “residue” or by-product, from 
what is popularly, but vaguely, associated with the term “ oil refining.” 
A proper sense of proportion will indicate that it is one of the products 
derived from certain types of crude oil and that it accordingly enjoys that 
appropriate degree of responsible consideration which the petroleum 
industry applies to all such derivatives. In the case of U.K. bitumen 
requirements it has been possible to select crude oils known to yield bitumen 
conforming to conventional standards of basic quality, and its production 
in the required range of grades has been a characteristic feature of refinery 
operation in this country. There is some cause for satisfaction in the 
degree of uniformity which has been maintained and in the compliance 
with grade specifications to an extent which might sometimes be regarded 
as punctilious. It is, however, part of the object of this paper deliberately 
to provoke thought on the possibilities and potentialities of extending the 
normal range of properties, and for this purpose it is proposed to adopt a 
critical attitude towards existing standards. This is not to imply that 
they are necessarily inadequate or that some neglected approach to the 
problem may suddenly open up vast new horizons of bituminous perfection. 
He would, indeed, be an optimist who expected to purchase perfection at a 
penny a pound (or thereabouts), with the flexibility of supply which modern 
bitumen utilization demands. 

The present position in the U.K. is that, in general, a good-quality topped 
asphaltic crude is imported from which two main types of bitumen are 
derived. First, there is the range of “ straight-run,” or “‘ steam and 
vacuum refined,” grades varying, in set stages, from very soft to very hard 
grades. It is conventional to describe the soft and medium grades by their 
penetration limits and the hard grades by softening points, and the typical 
range of grades so classified is from 500 penetration at the soft end to a 
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softening point of about 120° C at the hard end. » Secondly, there are the 
* air-blown,”’ or “ oxidized,” grades, produced by air-blowing a soft straight- 
run grade, and typically covering a range of softening points from, say, 
70° to 160° C, with the characteristic higher penetration equivalents (higher 
penetration index) and consequent greater “ rubberiness’’ which this 
method of production provides. In both cases it can be genuinely claimed 
that manufacture is based on sound scientific principles and .conducted 
with commendable technical control. The straight-run grades have a 
softening point—penetration relationship which is specific to the type of 
crude oil; the blowing process permits the relationship to be varied, within 
certain limits, by choice of operating conditions, subject to available plant 
capacity. 

The * cutback ” grades, prepared by fluxing a soft straight-run grade 
with appropriate quantities of coal-tar distillates or petroleum distillate of 
selected volatility, used primarily for those road purposes where greater 
fluidity is desired for handling and application, but where the ultimate 
performance is predominantly that of the basic bitumen, are regarded in 
this connexion as falling within the consideration of straight-run grades. 
Similarly, bitumen emulsions, which, in general, are manufactured by 
specialist firms outside the petroleum industry, may be classed according 
to the type of bitumen (usually a soft straight-run grade) from which they 
are prepared. 

Against this background it is proposed to examine some of the salient 
properties which have been previously mentioned. 


Adhesion. 


i Most people who have made contact with bitumen will agree, generously 
| or blasphemously according to circumstances, that it is sticky. The 

stickiness is admittedly governed by its softness or viscosity at the operative 
temperature, but it is usually regarded as a characteristic property. It is 
therefore slightly paradoxical that this feature has latterly been debated at 
some length in road-engineering circles. The explanation lies partly in the 
use of terminology which is not as precise as it should be, as the phenomenon 
under consideration is primarily that of the interfacial tensions in the three- 
phase system, stone—bitumen—water. It may occur if stone is first dried 
and coated with bitumen, as in bitumen macadam, or is applied to a film 
of bitumen, as in surface dressing, and is subsequently exposed to water ; 
alternatively, it may be attempted to coat a wet stone with bitumen. 
Certain types of stone, notably those classed as acidic, are preferentially 
wetted by water, due to the stone-water interfacial tension being lower 
than that of stone-bitumen, and this can lead to a risk of displacement 
of the bitumen film by water in the first circumstance and militates against 
the success of the second. The practical risk involved in conventional road 
operations is obviously influenced by such factors as the composition of 
the surfacing, the viscosity of the bitumen, the degree of exposure, and 
the extent of mechanical disturbance. In the light of existing knowledge 
the significance of the interfacial tension is extremely speculative, in 
relation to the other factors which can influence the behaviour of road 
surfacings, and it is feared that there has been some morbid exaggeration 
of its true role. Certain tests have been introduced which give results 
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of a spectacular nature but which have not yet been shown to have any 
direct correlation with road performance. The thought remains, however, 
that there is scope for improvement in the “ wetting ” or “ anti-stripping ”’ 
properties of bitumen in this particular respect, and much work has, in 
fact, already been carried out on the subject. Certain devices—chiefly in 
the form of additives—are known but are relatively expensive, and eco- 
nomic considerations have to be weighed against the problematical improve- 
ment which they give. 

Adhesion in the truer sense of the word, and operating in the absence of 
water or other interfering medium, presents little trouble provided that 
application conditions—temperature, in particular—are chosen so that 
the viscosity of the bitumen enables wetting to occur; conversely, the 
grade of bitumen should be such that its viscosity under such shearing 
forces as it may be expected to withstand does not cause it to be detached 
from the surface to which it has been applied. 

Unwanted stickiness is an occasional disadvantage, but usually the 
method of use is adapted to avoid real difficulty arising. 


Physical Properties. 
This rather loose term is introduced deliberately to permit some comments 
on what might be more scientifically described as the rheological properties 
of bitumen, or, more popularly, such aspects as brittleness, flexibility, 
rubberiness, flow, temperature susceptibility, thermo-plasticity, ete. 

It will be generally conceded that bitumen behaves as a liquid; not 
necessarily a Newtonian liquid, but near enough for practical purposes. 
At the risk of over-simplification this can be attributed to the oily nature 
of the continuous phase; the departures from Newtonian behaviour can 
similarly be explained by the structural effect of the dispersed asphaltenes, 
a variable factor depending upon their amount and condition. The 
consistency, “‘ hardness,” or “‘ softness,”’ of bitumen could be described in 
terms of viscosity, with perhaps some reference to rates of shear where a 
particular grade shows some yield value, and for the individual uses of 
bitumen there will, in general, be upper and lower limits of viscosity for 
acceptable behaviour. If all available bitumen were derived from one 
type of petroleum by one method of manufacture, the choice .of grade, 
designated by viscosity, penetration, softening point, or other consistency 
measurement, would be simply dependent upon the optimum for the 
purpose in question, at the temperature at which it would function. This 
might be determined scientifically, but would more probably depend upon 
trial and error, a basis of selection which has generally governed the choice. 
There is, however, the desirable complication that methods of manufacture, 
as instanced by distillation and air blowing, alter the rheological properties 
and offer an additional choice, which can be further extended if it is possible 
to process petroleum of different origin and characteristics. Thus there 
may be available bitumens which, although similar in one of the physical 
properties measured by arbitrary tests, such as penetration at a particular 
temperature, or softening point, may otherwise differ. This difference is 
likely to be most manifest in the change in physical condition which occurs 
with change in temperature and as the bitumen, in most uses, is required 
to remain within certain limits of consistency over the range of temperature 
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encountered under service conditions its “ temperature susceptibility ”’ is 
obviously a feature of importance. Usually it is a decided advantage if 
the temperature susceptibility under service conditions is a minimum, and 
one of the merits claimed for bitumens is the superiority shown in this 
respect over most competitive materials. Blown bitumens have, in general, 
lower temperature susceptibilities (or higher penetration indices) than 
straight-run grades and are consequently favoured where wide temperature 
ranges have to be met, particularly where heavy applications of bitumen 


_are concerned as, for instance, in pipe coatings, battery sealing, and roofing 


felt; the yield value of the blown grades is also of benefit in such uses. 
The degree of blowing can be varied by choice of feed-stock, and hence the 
extent of the “ blown” characteristics, but usually only within certain 
limits. These characteristics can be further enhanced by incorporating 
moderate quantities of highly paraffinous petroleum products—oils, 
petroleum jellies, slack waxes—with the blown bitumen, thus further gela- 
tinizing the asphaltenes. One disadvantage of such methods of increasing 
the penetration index is the greater tendency for the bitumen to “ sweat,” 
t.e., to exude minute oil globules, which militates agairist their use in such 
products as waterproof paper and roofing felt due to discoloration of the 
paper or dressing. Consideration has been given to the incorporation of 
rubber and various of the newer polymers, and while this is an interesting 
method of approach there remain difficulties in miscibility and economics, 
and also with the application of such mixtures due to interference with the 
normal process of melting. It must not be overlooked that most bitumen 
uses involve melting for application, and improvement in temperature 
susceptibility under service conditions must not prevent reasonable fluidity 
being obtained at application temperatures. This may appear to pose an 
impossible problem, but there is obvious scope for investigating the further 
control of the rheological properties of bitumen. 


Chemical Properties. 


It may be claimed that bitumen enjoys a good reputation for its chemical 
properties, and, assuming that it is not expected to enter vigorously into 
reactions with other materials, there is not much cause for modification. 
Attention may, however, be drawn to two phenomena which have occasioned 
criticism. 

Weathering : Bitumen in thick films is remarkably resistant to atmo- 
spheric exposure, but in the very thin films given by simple solutions used 
as paints, deterioration when exposed to sunlight is known to occur. 
Allowance must be made for the fact that such films are frequently 
excessively thin and that they do not enjoy any protection from incorpor- 
ated pigments as do most other paint films, but there is undoubtedly room 
for improvement if it were possible. 

Thermal Stability: Bitumen is fairly long-suffering towards repeated 
heating and normally concedes merely a slight progressive hardening, but 
the blown grades are prone to some carbonization under prolonged heating, 
to an extent which, although relatively small, compares unfavourably with 
the resistance of straight-run grades. This feature seldom prejudices their 
use, but if it could be avoided it would be of benefit to large users in reducing 
the necessity for periodic plant overhauls. 
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Colour. 


This may be an esthetic rather than a technical comment, but there are 
several uses where the sombre hues of normal bitumens detract from the 
appearance though not from its performance. There are, of course, so- 
called light coloured, or “ albino,”’ bitumens, containing negligible quantities 
of asphaltenes, which permit pigmentation with greater success than the 
black grades, and presumably these must suffice for present demands. A 
‘“* water-white ’ bitumen which would have the traditional other merits of 
normal grades seems beyond the realms of possibility. 
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DISCUSSION. 


Tae CuatrMaAn: After Mr Jarman’s breezy introduction of the paper 
and his general remarks I do not feel that I should ask questions. But he 
has trailed his coat rather effectively, as he indicated he would do, so that 
we look forward to a good discussion. 

There are certain controversial points he has omitted from the paper, 
however, the inclusion of which might have helped. For instance, he has 
not referred to the selection of crude petroleums for the manufacture of 
bitumen. I can remember the days when there was only one crude 
petroleum considered suitable for making bitumen, namely, the Panuco 
heavy crude from Mexico; then we had the light Mexican, and Venezuelan. 
The use of the Panuco crude was due largely, I think, to the fact that it 
gave rather high yields of bitumen and because it was not necessary to use 
very high temperatures in the process of manufacture. Other crude 
petroleums with much lower yields tended to be overheated in the process 
of manufacture, with the result that the bitumen was of poor quality. The 
manufacture of asphaltic bitumen is thus dependent on increasing know- 
ledge of refining technique, so that distillation can be carried out without 
overheating. the residual product. 

Another matter which has been particularly contended is that of the 
part that finely divided mineral aggregate plays in the manufacture of 
road-surfacing material, and on that matter I know that Mr Broome has 
some quite definite views. 
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Dr A. R. Lez: At the beginning of the paper Mr Jarman asks whether 
there are further uses for bitumen which might be added to those he has 
mentioned. I would mention one which probably he does not know about, 
though I am not sure of the category into which it should go. He has men- 
tioned two main categories, t.¢., road uses and industrial uses; but I have 
been asked whether bitumen is of any use for the manufacture of false 
teeth. It is quite a serious enquiry from America, and perhaps he will make 
a note of it. 

I am not able to discuss the question of nomenclature; but Mr Broome 
should be able to do that quite well, for I believe that, if he is not Chairman 
of the committee which is considering the matter, he is serving on that 
committee. Mr Jarman has referred to the American terminology. In 
my experience the Americans are very original in most things, but in this 
matter they do not really stand up to the question; one never knows 
whether they are talking about asphalt, bitumen, or tar, for ‘ bitumen ” 
includes what we call tar and bitumen, and “ asphalt ” includes what we 
call bitumen and asphalt: it is a wonder to me that they ever know what 
they are talking about in connexion with this subject. 

No reference has been made by Mr Jarman to the latest product in blown 
bitumen, which is obtained by blowing in the presence of a catalyst. I 
understand it gives a blown bitumen the physical properties of which 
represent rather an improvement on the standard of the normal blown 
bitumen, that it has greater ductility and very much lower temperature 
susceptibility. Does he think that that product has application for roads ? 

On the question of adhesion I would like to join issue with him. He 
thinks there has been a morbid exaggeration of the true situation. But I 
know at least one surveyor who takes a very morbid view of the situation 
and who is quite concerned about it. I do not know whether that feeling 
is universal, but there is perhaps some basis for a morbid view on the 
subject, and although there is not a strict correlation between laboratory 
tests and what happens in practice, | think cognizance must be taken of 
this morbid atmosphere which exists. The Americans have it in hand 
fairly well and have actually gone so far as to adopt a tentative standard. 

Perhaps others can discuss flow properties better than I can, but I 
think it is a great pity that we use so many different technical instruments 
to measure one property. It gives rise to a lot of literature which might 
not be needed if we thought about the matter more fundamentally. Is it 
not possible to get some sort of international committee together to decide 
whethersome logical method of measuring flow characteristics can be adopted ¢ 
An American example of the confusion is shown where, if they have a fluid 
or cutback bitumen and a tar of the same viscosity, they measure the flow 
characteristics by two different instruments and express their results in 
two different numbers. The situation is really chaotic. 

[ have also wondered why one wants to put rubber into bitumen. It 
does not seem logical to say that a rubber-bitumen can be made for sealing 
cracks in concrete roads which is better than the normal bitumen. The 
only reason that I can think of for so doing is that the rubber reduces the 
effect of temperature on the physical properties of the bitumen. If bitu- 
men could be produced with that same resistance to temperature, perhaps 
rubber would not be needed in it. 
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Another item of interest is that of weathering. I think Mr Jarman rather 
pats himself on the back about that; in his introduction of the paper he 
has taken us back some 3500 years. But I ask the question, does he not 
think that there can be too good weathering properties; would it not be of 
advantage if there were a little weathering at times ! 


Mr JARMAN : Commercially, yes ! 


Dr Lee: And technically too. I put the question because I am re- 
minded of an occasion when I saw on a stretch of road a notice, “* Go slow 
on wet asphalt.”’ I feel that, if there had been a little more weathering of 
the exposed bitumen in that stretch of road surfacing, there would have 
been no need for the notice. 

1 wonder whether Mr Jarman has anything to say about laboratory tests . 
for weathering, for I think it is important. It may be thought that it is F 
not worth bothering about, but I would like to know his views on laboratory 
weathering tests for road materials. 

In conclusion, I would like to refer to colour. Can Mr Jarman tell us 5 
whether or not it is scientifically impossible to get rid of the black colour 
in bitumen? 


Mr JARMAN : Perhaps I may make reference to the Chairman’s mention 
of crudes. This is really outside the scope of the paper and he knows as 
well as I do that in respect of the bitumen produced from an asphaltic crude 
it may lead to fruitless controversy. The best crude for making bitumen 
is usually that which is being used! It becomes a challenge to the technical 
skill of the industries producing it that they shall produce from the avail- 
able crude a bitumen which will do the job as well as possible, perhaps 
better than that used previously. One can speculate as to what quarter of 
the world will attract attention for future oil supplies; and you will find a 
reference in the paper to Noah and to Babylon. It is indirect; but read 
the daily Press. 

I am very gratified that Dr Lee, having been to America, has converted 
the Americans to the idea of making false teeth out of bitumen! I wonder 
what the impact of that will be on the chewing-gum industry; it must be 
left to them to fight it out ! 

Catalytic blowing is known to my more skilled refinery colleagues. By 
that means the operation can be shortened, but necessarily the properties 
of the material produced are not necessarily modified. The position is 
somewhat complicated, in the light of American practice, because they have 
literally so many sources of crudes which are being worked up for asphalt 
that the practice in one part of the United States is not necessarily typical 
of the whole; in that respect the position is very different from that obtain- 
ing in Britain, where the types of material being used for the production of 
bitumen are so very similar. The question of catalytic blowing is being 
considered actively by my refinery colleagues, and use will be made of it 
as and when it is deemed necessary; but I think we are not yet of the 
opinion that it necessarily confers any great advantage. 

In the same way, the addition of rubber usually gives, when used in 
small quantities—not in the quantities which have been discussed by the 
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Road Research Laboratory—results rather similar to those obtained by 
putting air into bitumen; and air is usually cheaper! It is interesting to 
find that the rubber people are rather prone to declaiming the merits of 
putting in small quantities of rubber. But very seldom are they heard 
proclaiming that considerable quantities of bitumen are put into rubber ! 

We need not debate the question of the morbid outlook of engineers. 
Dr Lee and I have our cross to bear in our contact there, and the technical 
people should proceed carefully before they have dangled before their eyes 
a test giving so spectacular a result that their morbidity is increased 
beyond the knowledge they have gained of the behaviour of the material 
on the road. Let those tests be used by those of us who think we are a 
little technical, but let us be careful about passing over to a gentleman who 
has not had the opportunity to acquire the type of education which was 
forced upon some of us, tests which he can do with ease, but the results of 
which can be interpreted only with the aid of considerable experience. 

I know Dr Lee feels there is a great risk to the community in not having 
a British Standard for bitumen. We should be only too pleased to put 
their minds at rest by giving them a standard; but it would achieve very 
little, because the degree of uniformity of bitumen supplies in Britain would 
not in fact be improved by the existence ofa British Standard. In America, 
where they make bitumen out of goodness knows what, it may be necessary 
to have a standard. 

The standardization of flow characteristics is another matter, and it 
would be of advantage if something could be done in that direction. But 
it is difficult to know how to initiate it. 

I must tread very carefully in referring to weathering properties; the 
problem is being examined on a long-term basis by a company I know, 
and information will be coming from them. The illustration of the Ameri- 
can road I should not connect with weathering, any more than I can the 
notices ‘‘ Tarring in progress ’’ with progress in tarring. 

My knowledge of colouring would indicate that you can prepare materials 
having something of the properties of bitumen, but with negligible quanti- 
ties of asphaltenes, which are less dark in colour. Those materials can 
be pigmented more easily than the black grades, and the question as to 
how light they are is a matter of personal opinion. On those occasions 
when I have done house painting and have picked up a tin of cream paint 
which had been used previously, [ have found a very dark brown layer on 
the top. Bitumen cannot be expected to be water-white in order that you 
may indulge in those schemes of technicolour which are favoured now- 
adays. 


D.C. Broome : It was rather suggested by Dr Lee that I am experienced 
in nomenclature, but [ am quite sure there are several others here who are 
far better qualified than I to speak on that matter. However, I would 
make a plea for very clear thinking and writing on matters of nomenclature, 
for the situation is becoming so terribly complicated. The last B.S.I. 
Committee meeting merely went over in effect the same ground, and it may 
still be a very long time before the whole thing is sorted out. 

First, I think it is necessary to differentiate very clearly between glossary 
terms and scientific definitions. Speaking personally, I think it would be 
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grand if the two ideas could be combined and there be no glossary definitions 
at all, but the same definitions as for British Standard purposes, and so on. 

Incidentally, speaking of nomenclature and the need for great caution, 
I think Mr Jarman has made a slip in his paper. In one part he has referred 
to “ steam-rolled ”’ asphalt. Steam-rolled asphalt is not laid very often 
to-day; the steam-roller, one might almost say went out with Noah’s Ark, 
or at any rate there are not many steam-rollers. Therefore, may the use of 
the word “ steam” be dropped. It will be better to just refer to “ rolled 
asphalt.” 

In the next paragraph the author refers to “ mastic.” That is a horrible 
word, which has given rise to a great deal of confusion, as it still does and 
probably will continue to do for quite a long while yet. The situation 
could be clarified if so-called mastics are divided into two groups according 
to functions. One group comprises what is virtually jointing material, or 
at any rate joint-sealing material, and this has frequently been known as 
mastic. Ido not think that that is an ideal term, and I hope that someone 
will be able to find a better one. But apart from the joint-filling or joint- 
sealing mastics there is a totally different class of materials, the class 
referred to by Mr Jarman in the paragraph in question, used for flooring, 
road surfacing, and the like. Those should be called “ mastic asphalt,” to 
give clarity. 

Then there is another matter altogether, that of the advantages and/or 
disadvantages of the presence of fine mineral matter. It is a complicated 
subject, and obviously I should hesitate to attempt to go into it deeply 
now, but it is one which should be borne in mind, for example, in connexion 
with slipperiness, to which Dr Lee has referred. If in any road-surfacing 
material the bitumen/filler ratio is right, that is « big help towards reducing 
slipperiness. Secondly, if the particle size of at least a certain proportion 
of that filler is very very small and if the dispersion is very very good, that 
not only helps further to reduce the slipperiness, but it also helps stability 
over a wider temperature range. 

Finally, [ would cross swords with Mr Jarman about his reference to the 
refinery bitumens, the lake asphalts, and the rock asphalts, as competitors. 
They are not competitors, but are three totally different types of materials 
which do not cut across each other and are quite complementary. There is 
plenty of room for all of them if their various properties are utilized in 
suitable ways. 


Mr JARMAN: I support Mr Broome’s remarks concerning definitions, for 
I feel rather strongly about the matter. I solemnly ask the Institute if it 
would kindly consider doing something about it; I should be very grateful 
if it would go farther than it has gone already in offering to the B.S.1. 
some glossary terms, with the emphasis on “ glossary,” to indicate that 
‘those terms are not definitions. It is a moot point as to whose job it is to 
set down definitions for bitumen, but it seems to me that the Institute of 
Petroleum might rank near the top of the list; 1 ask the Institute not to 
deny itself the privilege of giving a lead on a subject which is very much in 
debate at the moment, and in respect of which many feel some movement 
is desirable. 

I am sorry that I slipped up by referring to “ steam-rolled ” asphalt. I 
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am sorry also that Mr Broome has not read the paper far enough to have 
found the other matters in respect of which I have slipped up, and which I 
hope others will find in due course. 

I agree with his remarks concerning mastics; but I would point out that 
I have subdivided hot asphalt into rolled, mastic, and compressed rock 
asphalt. 

Perhaps I should have mentioned in the paper the incorporation of 
mineral matter, but it is a little difficult to know how far one should regard 
mineral matter as affecting the inherent properties of the bitumen; it 
seems that it comes within the technology of those who make up mixtures. 
] was thinking only of bitumen as such; but where, perhaps in contra- 
diction, I do mention other materials, it seems that when an organic material 
which may be expected to disperse in the bitumen and become homogeneous 
with it is added, the product is something different to the disperse systems 
obtained when mineral matter is incorporated. It opens up a wide field. 

Mr Broome referred to the incorporation of very fine mineral matter in 
road binders. It is necessary to be careful about the nature of them, 
because some of them have a disgusting thirst for water and have sucked 
water into the matrix of the material, which is not normally desirable in 
roagj-making. I suggest that the subject of mixtures of bitumen and 
mineral matter be left for some other debate. 


J. Woo.uiscrorrt: Has Mr Jarman any experience of incorporating 
with bitumen any of the stones which are definitely basic, and not acidic ? 
Under the sub-heading “‘ adhesion” he states that certain types of stone 
are preferentially wetted by water. I have tried to use bitumen as a 


covering for a material which is highly basic, and its water resistance is 
very low. 


Mr JARMAN: In road-making the basic stones are thought of in terms of 
the limestones, or calcareous stones, and they normally show a resistance 
to displacement of the bitumen film. In Britain limestone is used as a road- 
making material, with bitumen, with very satisfactory results from the 
point of view of adhesion, and in other respects. 1 cannot quite picture a 
type of aggregate of a much more basic nature than limestone; but I think 
1 am on safe ground in saying that generally the basic stones show a much 
greater affinity for bitumen than do the acidic stones. Perhaps the speaker 
has in mind some rather unusual aggregate with which I am not familiar ; 
but in general terms we regard limestone as indicative of the class of basic 
materials. 


Mr Woo .uiscrart : I would like to clarify the matter. The particular 
material I refer to is a new venture which [ have tried out; it is a calcined 
limestone, and it is extremely basic; it is a monolithic type. 

a 

Mr JarMaN : If you calcine a limestone it normally goes to quici.lime, 
CaO. I cannot visualize that such an aggregate would have the other 
characteristics which are normally associated with road-making. 


Mr Woo .tiscrort: I am not thinking particularly of using it as an 
n} ing } g 
aggregate. I wanted to use it in a covering, to form a water-repellant layer. 
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Mr JARMAN : I should have expected bitumen to give a reasonably good 
account of itself there. But I think the matter is one which might be 
debated later, for it is obviously a special case on which my limited know- 
ledge does not enable me to pronounce a verdict. 


D. L. Samvuet: One of the things that surprised me was the statement 
that about as much bitumen is used for industrial purposes as for road- 
making. I had always thought that about 80 per cent was used for road- 
making, and only about 20 per cent for industrial purposes. 

In one important respect bitumen appears to differ from other petroleum 
products—in regard to oxidation. With petroleum products as a whole 
there is an almost morbid fear of oxidation, and it is common practice to 
put inhibitors in gasolines and lubricants to retard these reactions. How- 
ever, we often purposely oxidize bitumen to obtain products with improved 
properties for certain applications. 

In the section of the paper headed “ Hydrauli#® Engineering ’’ Mr Jarman 
refers to the process of soil impermeabilization by the injection of special 
emulsions. Although this process has not been used in the United King- 
dom I think it has been carried out abroad. 

In connexion with the use of bitumen in boot and shoe stiffeners the 
author has stated: “ The internal stiffening of toe uppers (‘ toe puffs ’) is 
often achieved by a bitumenized board. Back stiffeners are not so treated 
for physiological reasons.”’ 

Can Mr Jarman amplify this, and indicate why this difference should exist? 


Mr JarMAN: I am not a physiologist, but I think the reason why the 
back stiffeners of boots and shoes are not treated with bitumen is connected 
with the activity of the sebaceous glands; indeed, I am assured by the 
people in that industry that that is so. 

Perhaps I may comment a little on Mr Samuel’s surprise in respect of the 
amount of bitumen used for industrial purposes. The term “ industrial ” 
is an artificial designation, to differentiate from the roads usage, and my 
figures are substantially correct at present. But it should be. borne in 
mind that road-making is somewhat depressed at the moment, and there- 
fore, the figures may not be truly representative of the position when 
things are more normal. There has been a surprising increase in the 
industrial uses of bitumen, and that lends some support to my feeling that 
the research people might well give attention to those features which give it 
a wider scope than when it was thought to be confined almost to road- 
making. 


W. Pout: I fancy Mr. Jarman has omitted reference to a minor use for 
bitumen, and one which is interesting because, in spite of the fact that it 
will last for 3500 years, it reacts so quickly to light that it has been used in 
certain photographic processes. 


Mr JARMAN: Our sales to the photographic industry have been so smal] 
for the last twenty years that we no longer record them! But Mr Pohl’s 
statement is a fact, and I think there is a reference to it in Abraham’s 
book. However, I am not sure where it gets us. 


| 
H 
| 
| tier 
| 
| | 
: 
il 
it 
pe 
i 
} 
: 
> it? 
ie 
SES 


20 JARMAN BITUMEN HORIZONS.—-DISCUSSION. 


It might be more pertinent to ask how long a bitumen paint will last, 
rather than whether a bituminous negative can be used for photographic 
studies. The changes which occur are now receiving fundamental investi- 
gation; but they appear to be so superficial normally that they have very 
little bearing on the behaviour of bitumen as a whole, because bitumen is 
normally used in relatively large thicknesses, and one is not concerned 
with mono-molecular layers. 


Proressor F. Morton : I should like to refer to the question of ‘‘ weath- 
ering,”’ not only of the bitumens produced by the oil industry, but also of 
the natural bitumens such as lake asphalts. Lake asphalts contain mineral 
matter, and the body of the lake is quite black and water impervious. 
Around the lake, however, where a thin broken layer of asphalt has been 
left as the lake has subsided, the asphalt has weathered to a brown powder 
still containing a high percentage of organic matter. A similar weathering 
occurs in cracked and airéblown asphalts when used in roofing tiles and 
exposed to the combined effects of bright sunlight and rain. Such tiles 
turn brown very quickly—and ultimately curl at the ends. When stored 
indoors they remain as black as the specimen from Ur of the Chaldees— 
to which Mr Jarman has referred. 

The constitution of bitumens is a subject of very great interest, although 
outside the scope of this evening’s lecture; but I should like to refer to 
one aspect of this subject which is of considerable interest, namely the 
position of bitumen and natural asphalts in the history of the origin of 
petroleum. Asphalts are variously regarded: (a) as the forerunners of 
petroleum; (4) as the products of oxidation of petroleum; and (c) as 
material formed of the same origin as petroleum, but which has been sub- 
jected to somewhat different environment. Which of these views is 
correct is not known, and work on this subject would be of great interest. 


Mr JARMAN: Perhaps I may be allowed to suggest that there are others 
present who are more capable of dealing with the points raised by Professor 
Morton. With regard to lake asphalt, I would refer to Mr Broome, whose 
company has been associated for so many years with the utilization of that 
particular product, and whose handbooks on the subject have hitherto 
failed to make reference to the peculiar phenomenon on the edge of the lake. 


Mr Broome: I have been associated with Trinidad asphalt for a very 
long time, but I have never come into contact with the phenomenon on the 
lake-side to which Professor Morton refers. It is, of course, a well-known 
fact that all the bitumens, whether they be natural materials or refinery 
products and whether or not they are naturally associated with mineral 
matter, do weather. The lightening of the colour of certain roofing 
materials, including those made with lake asphalt, is quite familiar; and 
it is not entirely confined to lake asphalt. There is considerable ad- 
vantage in that, because a point of great importance in the tropics is the 
thermal insulation of the roof. If the colour of the surface of the asphalt 
can be lightened there is reflectivity, and thus there is considerable reduction 
of the amount of heat passing through the roof structure into the building. 
So that weathering is definitely an advantage from that point of view. 
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Mr Jarman: While Mr Broome has made a rather spirited reply to 
Professor Morton’s reference to roof tiles, he has failed to take up the more 
significant point with regard to curling. Reflectivity from a surface is 
rather a different matter: But if the tiles curl, we had better not send 
them to the tropics. | 


PRoFESSOR Morton: | have nailed them down on too many occasions 
not to know that they do curl up. 


D. L. Irwin, Jr. : We have been told by Mr Jarman that the road-making 
industry has been depressed due to prevailing conditions, and I might 
describe the bitumen industry as having been repressed on the same lines. 
The “ old faithful ’”? names have now been with us for some time, although 
some of the grades were re-christened after the end of hostilities, tests 
which we make on those grades show that they are the same as our old 
friends of before the war. I feel that in this respect the Americans might 
be considered to have some advantage over us in the export market. 

With regard to British Standards, I understand that South Africa is now 
producing standard specifications incorporating weathering tests. When- 
ever attempts have been made to extract factual information from the 
experts in Britain on weathering tests, extremely guarded replies have been 
made, and, indeed, everybody seems to be fencing for position, on both 
sides of the Atlantic. It is disconcerting to see certain bodies which control 
the import of our products are setting up these standards without the user 
knowing whether the standards set can be relied upon or whether the tests 
are in fact helpful. I would ask Mr Jarman if he could offer the industry 
some guidance in that respect. 


Mr Jarman : I feel that Mr Irwin has been very modest. His reference 
to the ability of the British bitumen industry to maintain certain standards 
throughout the period of hostilities is a gratifying tribute, and I feel that 
there are not many other products in respect of which the same claim could 
be made. 

The question of weathering is difficult, and the problem is to know where 
to start on tests which have any significance. Exposures to ultra-violet 
are favoured in certain quarters; but they may be found to give results 
diametrically opposed to others which occur as the result of natural weather- 
ing. If the likely effect of weathering on a thick film of bitumen has to be 
estimated, it will be found that the process becomes extremely protracted. 
Such tests as oxygen absorption could be used, as is being done at the 
Road Research Laboratory on other things. But it is difficult to say 
whether any results will be obtained. I can understand Mr Irwin’s worry ; 
perhaps some of my colleagues can speak on the subject. 

Another side of the picture is, how valid are the tests which are being 
introduced by the South Africans? I say that quite seriously, because if 
somebody has been sufficiently enterprising to put forward weathering 
specifications for bitumen it would be interesting to know the basis, to 
know whether the specifications represented any real advance on our own 
knowledge. 

It is difficult to know what is meant by “ weathering.” I have on my 
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chicken-run some of the best roofing felt; it has developed a few little 
blisters at the top, which eventually have broken and have left small 
craters, and it has been suggested to me on occasions that that is how bitu- 
men weathers. In the absence of a knowledge of the technology of roofing 
felt one might say it is more likely that some moisture, or gas, has gradually 
percolated and left the craters behind; the bitumen has done its best to 
stand up, nevertheless. 

The only case in which I feel there is immediate cause for interest—I do 
not say “ concern ’’—is in the weathering of the very thin films of bitumen 
provided by the so-called bitumen paints. In the absence of concrete 
evidence, I do not know where else we are seriously perturbed by changes in 
the bitumen as the result of exposure to weather, within the sort of limits 
which might be expected reasonably to apply to such a material. 

If the alternatives to bitumen are considered, there are not many which 
can offer the same degree of immunity from the effects of weathering as 
bitumen does. Something of a myth is being chased here. It is easy to 
ask ‘* How does bitumen weather? ’’ The only answer so far is ‘‘ Darned 
well!’ Perhaps you, Mr Chairman, will have some thoughts as to how 


one can measure it scientifically; but it must be measured scientifically 
only in relation to its practical performance in use. 


E. THornTon : I cannot claim to be a bitumen technologist, and I should 
like to ask Mr Jarman for information. Ihave sympathy with the remarks 
made with regard to specifications, but | am also very much aware of the 
dangers of them. About sixteen years ago an advance in laboratory 
standards condemned certain bitumens, but at the same time they were 
used in increasing quantities for making roads. That may happen again. 
But there are obviously differences in the behaviour of various stones, as 
mentioned in the paper. I wonder whether, in the classifications, the 
two things should be taken together. Is it possible to make, from the 
Institute angle so that it would be common property, and not from any 
particular sales angle, a classification or standard in which there is some 
relation between the different bitumens, derived from different crudes or 
with and without blowing, and the different kinds of stones? Iam thinking 
of bitumens for road-making and also filled bitumens such as are used for 
coatings. In the early days of the Iraq pipeline specimens of coatings had 
to be made in Llandarcy ; a very active clay, which was a by-product, was 
available and it made a first-class material. I felt that that result was not 
unconnected with its particle size, and it may have had other physical 
properties. Some amorphous and non-absorbent materials seem to be 
working quite well in certain cases. 

Is there any difference in the behaviour of the different bitumens in 
relation to the different fillers? That may be important, because in arriv- 
ing at standards the particular uses must be borne in mind. In other 
words, do not make a standard as though it will apply to any filler whatso- 
ever, but lay down the limits of different kinds of stone and different kinds 
of bitumen. I suggest there should not be just “go” and “ not go” 
standards, but that there should be information which will give advice as 
to which bitumens and which stones to try to mix. 

When a glossary is ultimately produced, is it to be taken that the 
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‘impermeabilization ’’ is a specimen of the simple English 


new word 
favoured 


Mr Jarman: I have quoted from the literature, and I cannot claim 
responsibility for having introduced the word ‘ impermeabilization.” I 
am reminded that I forgot to comment on Mr Samuel’s reference to that 
process. It has been used in other parts of the world; but I forbore to 
drag in uses applying outside Britain, apart from the inevitable reference 
to Babylon. 

Mr Thornton has posed a very tricky question on the relationship between 
bitumens as such and the other materials with which they may be used. 
It need not be confined to stones or any other fillers used in bitumen for 
road-making; it can include roofing felt, pipelines, and so on, and I agree 
that it would be a very fruitful subject for research. The company with 
which I am associated has done quite a lot of work in this direction during 
the last twenty years. I remember a report issued internally some ten 
or fifteen years ago which showed the great difference in respect of water 
absorption as between pipe-coating materials, according to the types of 
fillers used. That work involved a variety of types of bitumen, but the 
effect of the fillers so enormously overshadowed any differences between 
the bitumens that one was tempted to assume that in that case the filler 
was the operative factor. It is by no means a small matter. If bitumen 
is to be used in association with something else and the combination 
expected to perform in a certain way in relation to external influences, 
the bitumen must not be expected to shoulder all the burden. In our work 
the difference in the degree of water absorption as between the bitumen 
* films containing different mineral fillers was quite spectacular, and those 
who are concerned with the preparation and utilization of mixtures of 
bitumen and filler would be well advised to give some consideration to that 
matter, in their own interests. 

When it comes to stones our views need clarifying a little in regard to the 
particular aspect of adhesion, which occasions comment in road circles and 
is generally concerned with the interfacial tension in the three-phase system— 
stone, water, bitumen—and where fairly large particles of stone are involved, 
as compared with the filler particles previously mentioned. I think a 
different physical set-up occurs from that in which particles of filler are 
completely embedded in a mass of bitumen. I emphasize that because it 
is rather topical at the moment. 

The question of the different crudes is of interest, of course, but is of 
relatively academic interest in so far as Britain is concerned, because the 
user of bitumen is not faced with a variety of bitumens from different crudes, 
so that he is not embarrassed as to which to choose. Speaking generally— 
and I trust I shall not give umbrage to anybody associated with firms other 
than my own—the bitumens in Britain are similar in respect of their original 
derivation and, in fact, they behave similarly in respect of adhesion. To 
legislate for such crudes as might be found anywhere in the world would be 
a rather big job; of course, it would be necessary to consider whether a 
bitumen would stand up to weather conditions, say, in the Arabian desert, 
or in other spheres different from the English roads. Traffic would also 
have to be taken into account. 
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Tue CHarkMAN : There is one question which has not been brought out 
so far, which usually arises in discussions of this kind; that is the effect of 
temperature in preparing the road material for laying. In satisfactory 
road laying, the particular concern is with the temperatures to which bitu- 
men is heated before application on roads; there is no doubt that many 
of the bad results of the past have been due to the use of too high tem- 
peratures. 


Prorrssor F. Morton : Perhaps I ought to qualify my earlier remarks 
on weathering of asphalt; and the matter arises also out of the references 
to the important question of fillers. In my earlier remarks I was not 
referring to a massive piece of asphalt completely free from solid material, 
I was referring to material left on the side of the lake as the level of the lake 
falls due to production. The level of the lake is dropping by a small 
amount each year. Along the sides of the lake can be seen where the pitch 
has been drained away as the level of the lake has subsided, for the pitch 
is always taken from the centre of the lake. Along the sides there is a 
deposit of a light-brown solid, containing about 60 per cent mineral and 
about 40 per cent organic matter. 

Whereas the pitch in the lake is perfectly black, the lake-side deposit is 
brown and has a very slight white tinge; it is weathered asphalt, and has 
been exposed to ultra-violet light, to rain, and so on. I think the point is 
that the mineral content of the deposit is a very active oxidation catalyst. 
Similarly, when a roofing felt or a tile is made and has incorporated in it a 
fine filler, the same thing may happen. I have kept some tiles for as long 
as five years in store, and they have remained perfect in colour, but when I 
have put them on to a roof the colour has disappeared within three months. 


. 


Tur CHARMAN : It remains for me now to express our very hearty thanks 
to Mr Jarman. He has pointed out that this paper on bitumen is in the 
nature of an experiment in the Institute of Petroleum. I think you will 
all agree that it has been a very successful experiment, and I know that you 
will agree also that its success is due entirely to Mr Jarman, to the way in 
which he has presented the paper and has stimulated the discussion. 


(The vote of thanks was heartily accorded.) 


Mr JARMAN, responding, said: You have given me a very nice reception, 
and I do feel extremely pleased that so many have been kind enough to 
attend the meeting. I do not suppose the Institute has benefited a lot 
technically, but your kindly interest in the bitumen end of the petroleum 
scale is extremely gratifying. 
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BROMINATION METHODS OF MEASURING UN- 
SATURATION IN MOTOR SPIRIT—A CRITICAL 
SURVEY.* 

By G. E. Witson (Member). 


SUMMARY. 


A historical treatment has been applied to the evolution of methods 
employed to measure the degree of unsaturation in hydrocarbon oils. 

An original application of pyridine sulphate—bromide to the estimation of 
the degree of unsaturation in motor spirit has been elaborated, and the use of 
Kaufmann’s reagent for a similar purpose fully investigated. In connexion 
with the latter, the influence of peroxides on the value of bromine numbers 
has proved of sufficient interest and importance to justify further work on this 
subject. 

In conclusion, a short account of the mechanism involved in halogenation 
by means of Kaufmann’s reagent is given, the interpretations of the reactions 
being based on recent work on the chemical kinetics of organic reactions in 
liquid systems. 


INTRODUCTION. 


Most of the modern methods of estimating the amount of unsaturation in 
motor spirit are based on the absorption of bromine by the olefinic constit- 
uents in the hydrocarbon mixture, and it is of historical interest to record 
that Allen * was the first to employ this halogen for the determination of 
the amount of unsaturated fatty acid glycerides in fats, in a process which 
he published as far back as 1881. 

Although improved by Mills,? the use of bromine was replaced first by 
Hiibl’s * iodine method, and then by the more stable and quicker-acting 
iodine monochloride in glacial acetic acid solution introduced by Wijs.* 

It was thought for many years that this property of halogen absorption 
was of limited value in the study of oils derived from mineral sources, but 
Dunstan and Thole,® in their work on the chemical nature of mineral lubri- 
cating oils, used Wijs’s reagent to measure the effectiveness of the separation 
of unsaturated from saturated hydrocarbons by means of liquid sulphur 
dioxide. These authors were careful to point out the limitations of Wijs’s 
solution, however, when applied to mineral oils, emphasizing the importance 
of the time factor and the amount of excess reagént employed. They 
stated that whereas rape oil yielded a steady iodine value in 3 min, provided 
a reasonable excess of Wijs’s solution were present, the value of a mineral 
oil was invariably augmented by an increase in either of the above- 
mentioned factors. 

The increased importance of ascertaining the degree of unsaturation in 
petroleum distillates led to a re-examination of the original bromination 
methods, and a modified version of a procedure developed by Mcllhiney ® in 
1899 is at present the accepted standard method of the Institute of 
Petroleum. 


* Précis of part of a thesis to the University of Edinburgh for the degree of Ph.D. 
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This method consists in brominating the hydrocarbon mixture with a 
carbon tetrachloride solution of bromine, under standard conditions of time 
and temperature, but, on account of the unselective action of this reagent, 
substitution as well as addition takes place to some extent. The fraction 
of bromine absorbed in this reaction depends particularly on the type of 
hydrocarbon present in the mixture, side-chain compounds giving abnormal 
results. Kepeatable values may be obtained, but in view of the above 
findings, the bromine number so found cannot be regarded as a satisfactory 
measure of unsaturation in the case of an unknown motor spirit. 

Johansen 7? claimed that minor modifications of the McIlhiney method 
gave satisfactory results, but since negative values for bromine addition 
were sometimes obtained, some doubt must be expressed as to whether or 
not the figures from this method are a correct measure of either substitution 
or addition. 

In an attempt to minimize the effect of large halogen excess and thus 
reduce substitution, Francis § developed a method by which bromine was 
released slowly in the reaction mixture. The latter consisted of an aqueous 
solution of potassium bromide—bromate acidified with sulphuric acid, 
successive small additions of the reagent being added to the hydrocarbon 
with vigorous shaking, until the faint colour of the excess halogen persisted 
for a specified time. 

Cortese,® in 1929, proved that the Francis method, although reasonably 
good for straight-chain compounds, was unreliable for certain ring struc- 
tures, a finding which was confirmed later by Mulliken and Wakeman,!° 
who also stated that the accuracy was just adequate enough to establish 
the number of double bonds in the case of cyclic compounds and the 
alkadienes. 

Further modifications were made on the Francis method by Thomas, 
Biock, and Hoekstra,!! who found that substitution could be reduced by 
cooling the reaction mixture at several stages. According to Buc,!* this 
modification still gave high results for branch-chain unsaturated compounds, 
and he obtained better results by employing excess potassium bromide. 

A direct titration method was introduced by Lewis and Bradstreet,!®> who 
used the excess potassium bromide recommended by Bue as a saturated 
solution in 10 per cent sulphuric acid. This they added to the hydrocarbon 
dissolved in carbon tetrachloride, titrating the mixture with small additions 
of bromide—bromate solution, shaking vigorously after each addition, and 
limiting the excess halogen to 1 ml. Although they dispensed with the 
trial-and-error procedure of the Francis method, and the cooling recom- 
mended by Thomas, Block, and Hoekstra, unsatisfactory results were 
obtained for tetra- and triisobutylene. 

Green !4 repeated part of Lewis and Bradstreet’s work, and, whilst 
confirming the accuracy of the method as applied to a few straight-chain 
hydrocarbons, he found that, in examining a particular benzole fraction, 
increasing the excess reagent resulted finally in a bromine number of 
inordinately though constant high value. 

Another method was suggested by Uhrig and Levin,!> who employed a 
solution of bromine in acetic acid to titrate a chloroform solution of the 
hydrocarbon direct, taking as end-point the yellow tinge of the excess 
bromine. After stating that they did not investigate the question of 
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whether or not substitution occurred, they concluded that as their procedure 
used no excess bromine and yielded theoretical results, they were justified 
in concluding that substitution did not occur. 

The most obvious weakness in this method was its inapplicability to 
coloured samples, which Johnson and Clark!® overcame by a modified 
version of the Francis technique, using a carbon tetrachloride solution of the 
hydrocarbon mixed with glacial acetic acid, and titrating with a potassium 
bromide—bromate solution. The excess halogen was determined by means 
of standard thiosulphate, starch being used to improve the precision of the 
end-point. 

Branch-chain olefins, such as 3:4: 4-trimethylpentene-2, 3-methyl-2- 
tsopropylbutene-1 and 2-ethylhexene-1, however, gave results which were 
19-7, 16-3, and 18-6 per cent, respectively, above the theoretical value. 
They concluded from these results that it would be impossible to analyse 
olefinic mixtures quantitatively for branch-chain compounds by their 
method, unless only one such hydrocarbon were present and its identity 
known. 

Despite these shortcomings, this method has been accepted as a tentative 
standard for olefins and aromatics in petroleum distillates by the American 
Society for Testing Materials.!® 

Dubois and Skoog * employed a further modification of the original 
Francis method similar to that of Lewis and Bradstreet, v.s., with the 
addition of mercuric chloride as a catalyst for increasing the rate of reaction 
and using an electrometric titration technique. 

By cooling to 0° to 5° C these workers claimed to minimize substitution, 
as previously established by the Technical Advisory Committee, Petroleum 
Administration for War,*! and cite the case of di-isobutylene in particular 
as a typical example of a branch-chain olefin giving abnormal results at 
normal temperatures. However, some substitution probably did occur as 
the end-point of the titration was taken when the “ eye ” of the titrimeter 
reinained open for an arbitrary period of 30 sec. 

Furthermore, like most other workers in the field of bromination, there is 
a tacit « -umption that the “ addition ” reaction was in fact due to addition 
only, probably due to the difficulties involved in determining substitution 
in an acid solvent. The probability must be kept in mind, however, that 
substitution at the double bond, when an overall bromine absorption is 
measured, may be included in the figure given as representing addition only. 
Provided substitution remote from the double bond does not take place, 
the results are a reasonable measure of unsaturation, though not a strict 
reflection of the actual reactions taking place. 

Finally, there is also the question of the influence of peroxides which is 
not mentioned by those anthors, but is dealt with in a later part of the 
present article. 


THE ROoSENMUND AND KUHNHENN METHOD. 


For the determination of iodine values of fatty oils, Rosenmund and 
Kuhnhenn ?’ suggested that pyridine sulphate—bromide might be used as 
a reagent capable of providing a more active halogen than the iodine 
monochloride used in the Wijs’s method. In discussing the chemistry of 
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this reagent,!* they showed the compounds of bromine with pyridine or 
quinoline to be active bromine addition agents which did not take part in 
secondary reactions such as substitution. They therefore claimed that as 
substitution did not occur, the effective excess of reagent was less critical. 

Bolton and Williams!’ applied this reagent to the measurement of the 
unsaturation in the unsaponifiable fraction of olive oil, later shown by Drum- 
mond and Thorbjarnarson * to consist mainly of the unsaturated hydro- 
carbon squalene, and pyridine sulphate—bromide is now the standard 
reagent for the estimation of unsaturation in all fats and fatty oils. 

In dealing with the estimation of the iodine value of tall oil and other 
similar highly unsaturated conjugated compounds, Rowe, Furnas, and 
Bliss *} claimed that consistently good results were obtained in the case of 
eight samples of commercial crude tall oil, and they proved that substitution 
did not take place by applying the following test. A sample of the crude 
tall oil, along with a blank, was allowed to stand for twenty-three days in 
the presence of an excess of pyridine sulphate—bromide. Distilled water 
was then added and the free bromine removed by successive extractions 
with carbon tetrachloride. Acidification of the aqueous layer with sulphuric 
acid and subsequent oxidation with hydrogen peroxide gave a negative test 
for the bromide ion, using the sensitive fluorescein method of detection.!7 

Further use of this reagent has been made by Angell,” for the estimation 
of ring compounds such as furfuryl alcohol, furan, and sylvan. Little, if 
any, substitution is said to occur, and although certain furan derivatives 
such as furoic acid and furfural are unaffected by this reagent, they are 
attacked by acidified potassium bromide—bromate solution. 


TABLE I, 
Bromine Numbers—-Pyridine Sulphate-Bromide Method. 


Time in Minutes 5 60 | Theory. 


141-8 143-6 
| 142-5 144-7 
142-0 144-0 
189-9 
190-2 
190-1 


Cetene-l 


Diallyl 


389-9 
2:4: 4-Trimethylpentene-] P 168:1 
166-7 
174-2 
169-5 
2:4: 4-Trimethylpentene-2 177-8 
176-8 
174:8 
179-4 25 
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| 71-0 74-2 
71-1 74-3 
| ‘ ; 390-2 390-8 389-4 
390-0 390-9 
1-4 
ne 
5-2 142-5 
65 | 1425 
71 
6-7 
BP 3-9 142-5 
3-7 | 
9-8 
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Consideration does not appear to have been given to the use of this reagent 
for the determination of the unsaturation in other hydrocarbon mixtures 
such as motor spirit, until the investigations of Wilson and Nisbet.* These 
authors applied this reagent to the analysis of synthetic mixtures of satur- 
ated and unsaturated hydrocarbons of known bromine number, and also 
established the fact that in the case of straight-chain compounds, the 
bromine number increased only to a slight degree when the reaction time 
was increased up to 1 hr. Both the branch-chain pentenes examined in a 
continuation of this work by the author, however, gave abnormal results 
even after the short reaction period of 5 min, see Table I. 

It was obvious that substitution had taken place, but, on account of the 
acidic nature of the reagent, the hydrobromic acid could not be determined 
by a simple titration with thiosulphate after the addition of potassium 
iodate. 


THE KAUFMANN REAGENT. 


The failure of the pyridine sulphate—bromide solution to yield satisfactory 
results with branch-chain hydrocarbons led the author to examine a reagent 
introduced by Kaufmann,” originally for the determination of unsaturation 
in fatty oils, which consisted of a solution of bromine in pure methanol 
saturated with sodium bromide. 

Kaufmann claimed that this reagent was more stable than any other 
bromine solution tested, due, he stated, to the fact that the halogen did not 
appear to exist in the free state, but was apparently loosely attached to the 
sodium bromide forming the tribromide, analogous to the better-known 
tri-iodide. Such a solution, he observed, was ideal for bromination, as it 
was odourless and stable, reacted more energetically than iodine, and com- 
pletely saturated the double bond, “ without the formation of substitution 
products.” 

Although Kaufmann was no doubt correct in his statement regarding 
the relative reactivity of his reagent compared with iodine, the present-day 
theory, vide Mechanism, that bromination is effected by the active Br’, 
suggests that the halogen in such a mixture would not be so reactive as that 
in the McIlhiney or the pyridine sulphate-bromide reagent. The bromine 
in the Kaufmann solution is largely associated with Br~ as Br,~, and it 
therefore follows that the Br~ would depress the formation of the active 
Br* in accordance with thé Law of Mass Action :— 


Br, = Br* + Br- 


Although Grosse-Oetringhaus *° claimed that Kaufmann’s reagent gave 
reliable results when applied to the measurement of unsaturation in certain 
petroleum fractions, Uhrig and Levin }° found that the bromine numbers 
obtained by this procedure were too high, although they did observe that 
theoretical results were approached when the excess halogen was at a 
minimum. On this observation, they based the accuracy of their own 
method, v.s. 

Furthermore, Kaufmann’s claim to saturation of the double bond without 
the formation of substitution products, appears to have been unchallenged 
until Jordan,”® in 1941, drew attention to his findings that the total bromine 
consumed was not necessarily due to addition alone. He proved that in 
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the bromination of « ynthetic styrene and purified indene, one quarter of the 
total bromine absorbed was present in the reaction flask as hydrobromic 
acid in solution, see Table LI. 

TaBLe II. 


Bromination of Synthetic Styrene and Purified Indene by Kaufmann Bromine 
Solution (Jordan **), 


Percentage. 


Absorption (based on 
Addition. the total bromine 
absorption). 


Styrene 
Styrene 
Styrene 
Styrene 
Indene 
Indene 


98-62 
98-67 
99-14 
99-04 
100-30 
100-60 


ro 


~ 


ng 


Jordan suggested that these reactions might be due to the simultaneous 
action of molecular bromine and atomic bromine. 


Experimental. 


In the course of some preliminary investigations into the conditions to be 
observed in the application of Kaufmann’s reagent, the author adopted the 
method employed in his work on pyridine sulphate—bromide, v.s., a glass 
phial containing the weighed quantity of hydrocarbon being broken be- 
neath the surface of a measured amount of the reagent. However, in order 
to study the effect of varying the concentration of the reagent on the pro- 
portion of substitution products formed, it was found more expedient to use 
a solution of the hydrocarbon, and the solvent chosen for this purpose was 
methanol. 

Bromination procedures in general require the hydrocarbon to be dis- 
solved in some non-polar solvent such as carbon tetrachloride, but as the 
latter precipitates sodium bromide from a saturated methanol solution, i.e., 
the Kaufmann reagent solvent, it was not used in these experiments. The 
possible complications likely to arise due to the formation in the reaction 
mixture of two phases, namely, solid and liquid, were thus avoided. 

In the initial stages of these experiments, the bromination procedure was 
carried out in the usual manner, water and aqueous potassium iodide being 
added to the reaction mixture, and the solution titrated with decinormal 
thiosulphate. The end-point so obtained was not very satisfactory in that 
the blue colour of the starch—iodide recurred fairly rapidly. This was 
thought to be due to interaction between the aqueous iodide and the bromi- 
nated compounds formed, and the series of estimations was therefore 
repeated, a methanolic solution of sodium iodide and normal thiosulphate 
containing about 50 per cent methanol being used. 

In this way, separation into two phases was eliminated and the amount 
of water introduced reduced to a minimum. The thiosulphate was added 
from a semi-micro-burette reading to 0-01 ml, the third figure after the 
decimal point being estimated. 
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The actual procedure adopted was as follows :— 

A definite volume of a decinormal solution of the hydrocarbon in the 
Kaufmann solvent was pipetted into an iodine-value type of flask, and the 
Kaufmann reagent added from a burette. After a reaction time of 5 min, 
2 ml of a methanol solution of sodium iodide (50 per cent w/v), were added, 
and the liberated iodine titrated with normal thiosulphate until the faint 
brown tint disappeared. 0-5 g of potassium iodate in the form of a fine 
powder was then added, and the halogen, corresponding to the hydrobromic 
acid formed by the substitution action, titrated with the thiosulphate 
solution. 

The difference between the reagent blank and the first thiosulphate 
titration figure represented the total bromine absorbed, and the second 
thiosulphate titration multiplied by two gave the amount due to substitution. 

Table ILI gives the results so obtained, the actual titration figures being 
expressed as decinormal thiosulphate solution. 


TaBLe III. 


25 ml of an N/10 Solution of Hydrocarbon in Methanol Saturated with Sodium Bromide, 
Treated with Varying Amounts of Kaufmann Reagent. Reaction Time: 2 min. 


| 
Volume of Kaufmann reagentinml, 40 | 8&0 12-0 16-0 20-0 240 28-0 32-0 


Octene-1: 
N10 thiosulphate titration | } 
0-30 0-35 0-42 042 | O4S 121;— 7:24 


To Nal ‘ 
To KIO, . | O29 0-86 1°32 195 | 2-50 2-90 | 2-99 
Percentage absorption . 96-0 97-0 
Percentage substitution - 24-2 | 
Hexene-1 
N/10 thiosulphate titration | 
To Na ‘ 0-62 0-55 | O41 0-42 0-30 2-07 658 | 10-20 
To KIO, . 0-58 | 1:18 170 2-30 2-53 2-42 | 2-50 
Percentage absorption . — | 87-1 | 88-6 
Percentage substitution 22-3 22-2 | 22-5 
Cetene-1 : j | 
N/10 thiosulphate titration } | | 
To Nal «| O97 1-13 153 | 191 | 2-77 8:18 | 12-42 | 17-20 
To KIO, . | O82 1-77 249 | 330! 427] 4-00 309 | 4-05 
Percentage absorption . | 88:4 | 88-8 88-9 | 89-3 
Percentage substitution ; | 394 | 368 | 367 | 37-0 
Diayl : } 
N/10 thiosulphate titration } | 
To Nal ‘ 0-21 | 0-40 O28 0-40 372 | 9-48 | 15-07 
To KIO, . . | 046 | 0-92 147 187 219] 210] 219} — 
Percentage absorption . ‘ | 96-7 960 | 960 | 
Percentage substitution ‘ - | 181 175 | 182 
2:4: 4-Trimethylpentene-1 : 
N/10 thiosulphate titration } 
To Nal . | O26 O44 0-53 0-73 2-42 7-47 | 11-51 | 16-11 
To KIO, . ‘ -| 41 294 4-56 6-76 7:97 760 | 7-55 7:65 
Percentage absorption . 85-2 86-6 | 867 | 87-5 
Percentage substitution ; 69-7 70-1 «| 69-6 
2:4: 4-Trimethylpentene-2 : 
N/10 thiosulphate titration } | 
To Nal | 059 Oot 0-75 25 706 | 12:62 | 1844 | 24-75 
To KIO, . 331 5-28 868 | 10-94 | 10-90 | 11-16 | 11-35 | 11-38 
Percentage absorption . 92-5 932 | O47 


Percentage substitution 96-5 96-6 | 96-1 
With the exception of diallyl, the only trend shown by these experiments 
was the slight increase in absorption with increasing concentration of 
bromine, and it was considered that the low figures for total absorption 
might have been due to the addition of hydrobromic acid brought about by 
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the competition of the H* with the Br* in the attack on the lone electron 
pair, vide Mechanism. This theory was therefore tested by another series 
of estimations in which the former procedure was reversed, the reagent being 
added to the flask first, in one addition, and the hydrocarbon solution 
subsequently added dropwise from a burette. In effect, it was considered 
that this method would ensure an excess of bromine being present, at least 
in the initial stages of the reaction. The results obtained, however, did not 
support this theory of hydrobromic acid addition, being essentially in agree- 
ment with the first series. 

The fact was revealed, however, in both these experiments, that the 
presence of peroxides could lead to a reduction in the value of the bromine 
number. Although, on consideration, this effect is an obvious one, it does 
not appear to have been commented on by previous workers. 


Tue Peroxipe Erect. 


Although the hydrocarbons used in this investigation were reasonably 
pure, small amounts of peroxides may be expected in most olefins, unless 
these are freshly distilled with certain precautions. The presence of per- 
oxides was suspected as a result of the following observation. In every case 
in which the hydrocarbon solution was treated with insufficient reagent to 
effect full bromination, as indicated by the complete discharge of colour, 
although the mixture contained no free halogen, iodine was liberated on 
the addition of the sodium iodide solution, vide figures in italics in Table III. 

This abnormal reaction was ascribed to the peroxides in the hydrocarbon 


interacting with the sodium iodide in the presence of the acid released by the 
substitution action of the reagent on the hydrocarbon. It was thus obvious 
that corrections would require to be applied to the bromine numbers actually 
found. 

Before passing to the method devised to arrive at the necessary correction, 
it is of interest to consider the various ways in which peroxides might be 
decomposed by hydrogen iodide. 


Reactions of Peroxidized Hydrocarbons with Hydrogen Iodide. 


| 


| 
C—-OH 
| | 
| | > | +H,O+I1 
| | | + 2H,0 + I, 
| 
. 
{ 
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—('—-H 


It will be seen from the above that the halogen liberated by one molecule 
of peroxidized hydrocarbon could amount to three times that which would 
have been absorbed by the hydrocarbon, had it not been peroxidized ; and 
that such a molecule could also eliminate as much as six times the acidity 
it would have produced in the unperoxidized condition by the substitution 
reaction. 

Experimental. 


The unsatisfactory end-point with aqueous solutions was evidently due 
largely to the presence of peroxides, and not, as was previously considered 
possible, to decomposition of brominated compounds. The peroxides were 
found to be decomposed slowly by aqueous, but fairly rapidly by methan- 
olic acid, iodide solution, 10 min being sufficient for the completion of this 
reaction. 

This time was found adequate at normal laboratory temperatures, but at 
low temperatures, i.e., 0° to 10° C, this period had to be considerably 
increased. The use of a cooling bath, as is often recommended in bromina- 
tion determinations, was therefore not only unnecessary but undesirable. 

By the method below, reliable figures could be computed for corrections 
to be applied to the bromine numbers obtained in the estimations. 


METHOD FOR THE DETERMINATION OF BROMINATION CORRECTION FOR 
PEROXIDES IN HyDROCARBON MIXTURES. 


A phial containing a weighed amount of the hydrocarbon was broken 
beneath the surface of 25 ml of approximately N/50 hydrobromie acid in 
methanol saturated with sodium bromide. 2 ml of sodium iodide solution 
in methanol (50 per cent w/v), were added, and after exactly 10 min, 
the reaction was stopped by the addition of 50 ml of distilled water. The 
halogen was titrated with N/10 thiosulphate, starch solution being used to 
sharpen the end-point. 10 ml of a 2 per cent aqueous potassium iodate 
solutjon were then added, and the liberated halogen equivalent to the total 
acidity titrated. 25 ml of the solvent alone, t.e., the acid methanol 

D 
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saturated with sodium bromide, were similarly treated to obtain a 
blank. 

Table IV illustrates the application of this method to a few typical 
olefins. 


TaBLe IV. 


Peroxide Eatimations, 


Weisht | Iodine Acidity of lod 
| Weight | | Iodine 
Hydrocarbon. | taken | | liber- 
(g). Sample. Blank. ated. 
| blank, | sample. | 
| | 


| Hydro- 

gen 

| iodide 
labsorbed. 


Octene-1 
Sample A . | 0-953 | 0-40 1-10 
Sample | O40 | 0-55 

Hexene-1| . . | 0-683 | 0-40 1-10 

0-833 0-40 115 

Dially! | 0657 | 0-40 0-40 

0-607 040 | 0-40 

2:4:4-Trimethyl-| 0-763 | 0-40 | 0-40 
pentene-| | 0-679 0-40 O40 

2:4:4-Trimethyl- 0-858 O40 | 0-95 
pentene-2 0-712 0-40 0-95 


ma Seg 


an 


From these figures may be calculated the corrections to be applied to 
the estimated values for : (a) bromine number, (6) percentage of theoretical 


bromine absorption, and (c) percentage of absorption due to substitution. 
The figure for the percentage corresponding to addition is the difference 
between () and (a). 

(a) This is calculated in a similar manner to that in which the bromine 
number is generally derived, using the titration figure obtained in estimating 
the iodine liberated, viz., 


ml thio (N/10) 80 


: ; x 100 =C ti bs i 
Weight taken x 10,000 x i Correction for total absorption 


(6) The relationship between this and (a) is as follows :-— 


(a) 


Theoretical bromine absorption 


(c) This is calculated from the figure obtained in estimating the amount 
of hydrogen iodide absorbed. As in the corresponding estimation for the 
percentage absorption due to substitution, this is doubled, viz., 


2 mi thio (N/10) | 80 100 
Weight taken 10,000 ~ Theoretical bromine absorption 


The final method for the estimation of bromine number was based op that 
developed for the corrections to be applied for peroxides in hydrocarbons. 


| | 
| 
| 5:30 | 0-70 0-75 
| 5-30 O-15 0-25 
| 530 | 0-70 | 0-75 
| §&30 | O75 0-85 
a | 530 nil nil 
| 5-30 nil nil 
5-30 | nil | nil 
| ‘30 | 6530 | nil 
fe | 500 | 5:30 | 0-45 | 0-30 
ee | 4-90 530 | 0-45 | 0-40 
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TABLE V. 


Corrections for Peroxides. 


On percentages. 


Hydrocarbon. 


Total absorp- | Substitution. 
| tion. 


Octene-1 
Hexene-1 . ‘ 0-4 
2:4: 4-Trimethylpentene-| nil 
2:4: 4-Trimethylpentene-2 0-3 


BROMINATION BY MopiFiED KAUFMANN METHOD. 


A phial containing a weighed quantity of hydrocarbon was crushed under 
the surface of excess Kaufmann reagent, containing the same concentration 
of hydrobromic acid as that used in the estimation of peroxide correction, 
namely, N/50. After mixing and allowing to stand for 5 min, 2 ml of a 
50 per cent solution of sodium iodide in methanol, (w/v), were added, and 
after a further period of 10 min the reaction was stopped by the addition of 
50 ml of distilled water. The halogen was titrated with N/10 thiosulphate, 
starch solution being used to sharpen the end-point. 10 ml of a 2 per cent 
aqueous potassium iodate solution were then added, and the halogen 
corresponding to the total acidity titrated. 25 ml of the Kaufmann reagent 
were similarly treated to obtain the blank. 

Table VI gives the bromine numbers, the percentages of the theoretical 
bromine absorption, and the proportions of the latter due to substitution 
and to addition. Columns (a) give the uncorrected, and columns (b) the 
corrected, values, using the appropriate figures given in Table V. 


Taste VI. 


Percentage of theory. 


Bromine 
Total Due to | Due to number. 


Hydrocarbon. absorption. | substitution. addition. 


| Theory. 


(a) (b) | | (a) 

Octene-1 : 

Sample A. - | 98°7 | 99-1 2 25-é 140°7 

Sample . | 987 | | 22-5 2 76 140-8 
Hexene-1 . | 968 | 97-2 | 25 26-5 70-4 7 | 190-0 
Dially!] . | 90-7 | 99-7 388-4 | 380-4 
2:4: 4-Trimethylpentene-| . | 98-6 | 98-6 : 2: 25° 140-6 142-5 
2:4: 4-Trimethylpentene-2 . | 906 | 90-9 | 88-¢ : 5 128-6 29- 142-5 


The above results compare favourably with those obtained by the 
Mcllhiney method, which are given in Table VII. 
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VII. 


Bromine numbers. 
Modified Standard 


Kaufmann Theory. Mellhiney 
method. 


Hydrocarbon, 


method. 


Octene-1 
Sample A ; 141°3 142°5 137-6 
Sample B 140-4 137: 

184-7 190-0 

358-4 380-4 

142-5 


142-5 


Hexene-| 
Diallyl 
2:4: 4-Trimethylpentene-| 140-6 


2:4: 4-Trimethylpentene-2 129-1 


Comments. In the opinion of the author, branched-chain olefins of the 
trimethyl-pentene-2 type cannot be accurately estimated by any bromina- 
tion method, although the modified Kaufmann procedure gives decidedly 
better results than other methods of this kind described in the literature. 
The method under discussion gives results approaching the theoretical, but 
the figures obtained for the particular hydrocarbon mentioned above are 
approximately 10 per cent too low. The probable cause of this discrepancy, 
dimerization, is indicated in the discussion on reaction mechanism, and the 
author is at present attempting to obtain experimental evidence to 
substantiate this theory. 


THe MECHANISM OF BROMINATION. 


Introduction. 
The view was expressed by Lowry 27 in 1923, that the double bond in 
organic chemistry reacted generally as if it contained one covalency and one 


electro-valency, and that ethylene may therefore be written CH,—CH,. 
The modern terminology for this is that, by an electromeric change, double 
bonds are electronically activated in the following manner :— 


It is now well established that halogen addition is brought about by the’ 


attack of a positively polarized (cationoid) halogen upon a negative centre 
at one of the unsaturated carbon atoms. There are four examples: of 
particular reactions which confirm this statement. 

(1) Bromine addition is accelerated when the unsaturated molecule 
contains electron-releasing groups relative to hydrogen, whereas retardation 
is observed when electron-attracting groups are present.2% The relative 
rates of bromine addition are given in the following table : 


Compound, 


CMe,-CMe,. CHMe=CH,. CH,=CH,. CHMe*CHCOOH. CHBr=CH,. 


Relative rate . 14-0 2-03 l 0-26 smitll 
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(2) In an unsymmetrical unsaturated compound, when iodine mono- 
chloride is added, the more positive iodine attacks the negatively polarized 
carbon atom.** 


CH, = CH-COOH + IC] CH,ClCHL-COOH 


(3) When the seat of unsaturation is contained in an ion, halogen addition 
is facilitated. Sodium acrylate in water adds bromine more readily than 
does acrylic acid.*° 

(4) If ethylene is treated with bromine water containing sodium chloride, 
iodide, and nitrate, the products have the formule, CH,BrCH,Ct, 
CH, Br-CH,I, and CH, BreCH,ONO,, respectively.3! The anions thus com- 
pete for attachment to the second carbon atom of the double bond, and the 
first carbon atom, which must be negative, is attacked by the positive 
bromine. 

In 1937, P. W. Robertson,®? a pioneer in the field of the kineties of bro- 
mine addition to olefinic compounds, accepted the conception expressed 
above, that the positive atom of the polarized bromine molecule attaches 
itself with effective impact to the negative carbon of the ethylenie system, 
whereupon the resulting positive charge of the second ethylenic carbon 
atom is neutralized by the negative bromine ion which has a momentary 
existence. 


Suggested Mechanism of Bromination by Kaufmann’s Reagent. 


These fundamental theories may be employed in an explanation of the 
mechanism which takes place in the action of Kaufmann’s reagent on the 
unsaturated hydrocarbons used in this investigation. 

In all the hydrocarbons examined, substitution as well as addition was 
found to occur, and the total amount of reacting bromine was found to 
approach that required for complete addition. The figures were repeatable, 
irrespective of the quantity of excess reagent present. 

It would appear, therefore, that addition and substitution in the same 
molecule are mutually exclusive, a conclusion which supports the contention 
that substitution takes place at one of the double-bonded carbon atoms, 
since the relationship between the two processes could not exist if an atom 
remote from this position in the same molecule were involved. 

The actual mechanism of the reactions taking place is envisaged as 
occurring in the following manner. 

As few unsaturated hydrocarbons are symmetrical about the double 
bond, this disproportion is reflected in the electronic charges about this 
linkage, brought into operation by the differences in the electron-donating 
properties of the groups associated with the twodouble-bonded carbonatoms. 

When these effects are considered in relation to the possibilities of addition 
and substitution in unsaturated hydrocarbons, an argument can be made as 
follows. Consider in the first place the highly unsaturated branched-chain 
hydrocarbons which have been found in this investigation, and by other 
workers, to give the most anomalous results. 

Thus, in the hydrocarbon (1), the concentration of electrons on atom (a) 
is determined by the total electron-donating strength of R, + R, as com- 
pared with that of R,. 
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At stage (II) the Br’ is depicted as adding itself on to the = electrons of 
the ethylenic linkage, these electrons being regarded as available for dative 
bond formation. The negative charges on atom (a) direct the change (II) 


to (IIL), the = electrons migrating to form the C-Br covalent link on 
atom (b). 


Bg 


(III) (V) 


Substitution 


The stability of the molecule may be attained by: (i) the atom (@) com- 
pleting its octet by uniting with a Br~ ion or (ii) a substituent on (b) being 
released as a positive ion, when the vacated electron pair will then swing 
back to re-form the double bond. The most likely substituent to be 
released is the one most stable as a positive ion, namely, the H* ion. 

Mechanism (i) thus leads to addition, and (ii) to substitution, and the 
effect of the substituents on (a) and (b) in determining which reaction pre- 
dominates may be explained as follows. 

In the formation of (IV) from (IIL), it is considered probable that the 
entering Br is attracted by electrostatic forces, whence it follows that the 
smaller the positive charge on (a) the less the probability of this change 
occurring before the competing mechanism (IIL) ——> (V) + H* occurs. 

The electron deficiency at atom (a), stage (III), will be partly compensated 
by electron displacement towards this atom brought about largely by R, 
and R,, the degree of compensation being determined by the strength of 
these groups. 

It seems reasonable, therefore, to expect that strong electron-donating 
groups on (a) would give rise to a relatively large proportion of substitution 
as compared with addition, a deduction which appears to be borne out 
experimentally in the case of 2 : 4 : 4-trimethylpentene-2 (VI). 

CH, 


CH,” 

Here the carbon atom marked (a) has two strongly electron-donating 

methyl groups, while (+) has one weakly electron-donating tert-butyl group. 

The concentration of charge on (a) will therefore be large and favour substi- 

tution. In point of fact, the substitution/addition ratio found experi- 

mentally is 89/1-5, (Table VI). 

In the case of 2 : 4 : 4-trimethylpentene-1 (VII), 
(a) (b) H 


(VII) 
‘H 


Addition 


(V1) 


: 
3 
B B 
4 Br+ Ry ae Ry + | Bs 
(1) (11) (IIT) 
oe Br Br Br 
Br H 
(IV) 
| 
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instead of two strongly electron-donating methy! groups, there is only one 
methyl group and a weak neo-pentyl group. The concentration of electrons 
on (a) will not be so great as that on the corresponding atom in (V1), and the 
substitution/addition ratio should therefore be smaller. Experimental 
results again favour this theory, the figures being 73/26. 

Considering now the straight-chain hydrocarbons hexene-1, octene-1, and 
cetene-1, 


Ry (a) (+) 


(VIII) 


where R = C,H,, CgH,3, and respectively. 

All these groups have weak electron-donating properties, so that a rela- 
tively small amount of substitution may be expected at (b). The ratios 
established experimentally were 26/71, 25/74, and 37/63, respectively. 

Finally, in the case of diallyl (IX), a relatively weak concentration of 
electrons may be expected on the 2- and 5-position atoms, so that a small 
amount of substitution on the 1- and 6-positions appears probable. 


H, 
(IX) 
| ‘H 
H H 


The substitution /addition ratio actually obtained was 19/80. 


Abnormal Reactions. 


(a) The first and most obvious abnormal reaction is the possibility of 
substitution remote from the double bond. This would give rise to abnor- 
mally high figures for total absorption and also for substitution, but results 
in general indicate that this does not occur, the tendency being for the esti- 
mated values to be slightly less than those required for theory. 

(6) The formation of compounds such as (X) has been reported by Jack- 
son,*3 in the course of work on bromination in methanolic solution. 


Ry 


R, | | 
OMe Br 
Although the double bond has been removed, this reaction is tantamount 
to a substitution, since from the bromine molecule, one atom goes off as 
Br~, a hydrogen ion being produced from the MeOH molecule. This would 
explain why no further substitution occurs after entry of one bromine 
atom, since the double bond is removed. It is not considered that this 
reaction can be much in evidence when the Kaufmann reagent is used. as 
competition from the bromide ions would minimize the degree of entry of 
the MeO radical. The overall bromine absorption would in any case be 
unaffected. 
(c) Addition of Hydrobromic Acid. This can only be envisaged as an 
attack by the hydrogen, or rather the MeOH,’ ion, on the = electrons of the 
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double bond, followed by isomerization to the carbonium ion (XI), which 
thus reacts with a bromide ion. 


—H (XI) 


This reaction does not occur in the absence of bromine, since solutions of 
hydrocarbon in acid methanol have been proved by the author to be quite 
stable. In the presence of bromine, however, the MeOH, or H’ ions would 
compete with the Br’, but since the latter is activated, whereas the former 
are not, it is not considered that this reaction would occur to any appreciable 
extent. In this connexion, reference may be made to Table VI, in which 
the total absorption figures approach 100 per cent except in the case of 
trimethylpentene-2, where the difference amounts to almost 10 per cent. 
This is obviously not due to hydrobromiec acid addition, which could only 
take place at the expense of the acid produced in the substitution reaction. 
The estimated value of the latter would thus be reduced by twice the above 
mentioned 10 per cent discrepancy. 

(d) Low Results through Dimerization. Bergmann, in his paper on the 
dimerization reactions of unsaturated hydrocarbons, deals largely with the 
formation of new olefins by “ migratory dimerization brought about 
initially by the migration of a hydrogen atom. He produces evidence to 
show how the degree of asymmetry favours dimerization reactions, citing 
amongst other hydrocarbons, styre ‘ne,35 and 

The mechanism which both he and Birch and Dunstan *? in their work on 
olefine-isoparaftin addition reactions, appear to favour, is that of Whitmore ** 
who suggests, in the case of isobutylene, the addition of a proton, i.¢ 


CH, CH; 
+ H ——> C—CH,; ; 
CH, CHy 


the positive carbonium ion so formed acts like, {a proton and adds on to 
another molecule of hydrocarbon : 


CH, 3 CH, —_ CH, 
C—CH, — ~CH, C 
CH,” CH, 


finally a proton is released, and a double bond formed to give the dimer 


CH, 
—CH=C +H 
CH, CH, 


CH, 
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A somewhat similar mechanism may be advanced to support the conten- 
tion that low results obtained, particularly in the case of trimethylpentene-2, 
may be due to dimerization brought about in the following manner. 

The = electrons in the unsaturated hydrocarbon molecule (XI1) may be 
attacked by the carbonium ion (XIII) formed by the addition of Br’ to 
produce (XIV) thus :— 


R,. R, R, Ry 

R, H R, “H 
(X11) 

—>»> 

R, R, R. R, 

| R, H | R, 
Br Br 
(XII) (XIV) 


By isomerization (XIV) goes to (XV), and to give the stable dimer, a 
bromide ion is added :— 


Ry Ry 
C—C Br R, R, 
R, | SH Br Ri + | R, 
| 
R, | /R, R, 
H R, Br 
| R, 
Br 
(XV) (XVI) 


In the initial stages of this suggested series of reactions, the carbonium 
ion (XIIL) would act in competition with Br’, hence dimerization is most 
likely to occur with low bromine and high hydrocarbon concentration, 
similarly to the case for HBr addition suggested in (c). 

Low bromide concentration would also favour this effect, since the 
carbonium ion would have a better chance of uniting as indicated, before 
being attacked by the Br-. 

Conclusions. 

From the foregoing discussion, it is apparent that the celerity of reaction 
between bromine and olefinic hydrocarbons in general must not be inter- 
preted as evidence of a simple reaction mechanism. The picture presented 
conforms to recent theories as revealed by kinetic investigations, but the 
probabilities illustrated by the examples a, b, c, and d typify a complexity 
which belies the common assertion that addition reactions are straight- 
forward and easy. 

Addition is recognized as a characteristic property of unsaturated hydro- 
carbons, but this investigation has proved, in the variation of reactivity 
shown by the two trimethylpentene isomers towards bromine, that, as 
Williams * so aptly phrases it, “ far from being an automatic trap for 
unwary halogen, the double bond is rather an objective to be sprung only 
by subtle and devious attack.” 
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STABILITY OF FUEL OIL/GAS OIL BLENDS. 
By D. G. 


SUMMARY. 


A technique is presented which affords a method for the selection of 
asphaltic fuel-oil and gas-oil components of blends which shall be stable in 
storage. The method is particularly applicable to the preparation of low- 
viscosity diesel-fuel blends where a high degree of dilution of fuel with gas oil 
is necessary. The degree of compatibility of the two components is assessed 
by means of an index assigned to each oil, viz., the xylene equivalent of the 
fuel and aniline point of the gas oil. 

In order to substantiate the use of these indices for the purpose mentioned 
a laboratory method has been developed in line with practical conditions, so 
that actual sludge deposition can be related to the varying indices of the 
components used in such blends. The good correlation which has been 
obtained on a large number of blends, prepared with components of widely 
different nature and origin, has inspired confidence in the validity of the 
principles underlying the method. 

A blending stability curve has been constructed which permits the ready 
interpretation of the significance of the relevant characteristics concerning 
any particular pair of prospective blend components. 


INTRODUCTION. 


Ir is the practice at certain installations to store gas oil and a high-viscosity 
fuel oil as basic components for blending to produce furnace fuels of different 
viscosity gradings to suit bunkering and local market requirements. 
Trouble due to sludge formation often arises, particularly in the case of the 
lower-viscosity types in which the dilution ratio of gas oil to fuel oil is in the 
region of 4:1 or higher. Many of these troubles may be traced to incom- 
patibility of the components. A great deal of oil wastage occurs, in 
both blenders’ and consumers’ tankage, as the result of the accumulation 
of tank bottoms deposited from unstable blends. This wastage may reach 
serious proportions in the case of large-scale blends which are stored for long 
periods. 

As a precautionary measure, it is the practice of blenders to use a straight- 
run fuel-oil component, wherever possible, on the assumption that stability 
would thus be ensured. Whilst a straight-run fuel usually provides a 
stable blend with any normal type of gas oil, stability is by no means certain 
in all cases. Moreover, this quality of fuel is not always available, and its 
use may quite often prove to be uneconomic and indeed unnecessary where 
a particularly favourable type of gas oil is available. This latter aspect 
could have an important bearing on refinery supplies of fuel oil to blending 
points, e.g., a partly cracked fuel or a mixture of cracked and straight-run 
fuel may be acceptable where a gas oil is available which has been rated as 
compatible with such fuel oil. 

The objective of the present work has been to find reliable means of 
ensuring compatibility of fuel and gas-oil components prior to blending. 
It was felt that the most effective line of approach would be to investigate 
means of assigning a blending tolerance value or compatibility index to both 
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the fuel and gas-oil components. To be of value such an index would : 
(a) assess probable compatibility in a particular case, and (/) in the case of 
potential incompatibility indicate the change of property of one component 
which would correct the incompatibility. 


Definition of Stability. 

‘Stability ” is a term widely used in connexion with the ability of a fuel 
oil to remain in unchanged condition despite circumstances which may tend 
to cause change. The present work is confined to the storage stability of a 
blend. A blend is regarded as being stable if it is homogeneous immedi- 
ately after preparation, remains so in normal storage and at no time pro- 
duces or tends to produce a sludge on a significant scale. 


COMPATIBILITY INDEX FOR FurEL COMPONENT. 


Considerations. 

The work originally performed by Oliensis * on the xylene equivalent for 
differentiating between cracked and uncracked asphaltic bitumen provides 
the basic principles of the present work. 

In addition to the principal function of assessing compatibility, such an 
index should be based on tests easy to carry out and requiring only simple 
apparatus likely to be found in any laboratory equipped for the routine 
examination of petroleum products. The xylene equivelcat test (X.E.) 
appears to fulfil these conditions. 

The ability of a fuel oil to suffer dilution without flocculation of the 
asphaltenes is governed by the following factors :— 


(a) the nature of the fuel oil; 
(6b) the nature of the diluent ; 
(c) the dilution ratio. 


These three factors are taken into account in the X.E. test, in which the 
fuel-oil component is diluted with five times its volume of a test diluent. 
The tendency of a diluent to flocculate asphaltenes may be altered by altering 
its aromaticity. In the test, the composition of the diluent may be varied 
from the completely non-aromatic (aromatic-free white spirit) to the wholly 
aromatic (xylene) by mixing these two diluents. In that way a range 
of diluents representing a wide range of flocculating power is made 
available. 

The dilution ratio is arbitrarily fixed at 5:1 as, although it is known that 
higher degrees of dilution do occur, it is probable that this ratio approx- 
imately represents the maximum degree to which the majority of fuel oils 
are in practice likely to be diluted with gas oil. 

The behaviour of the fuel on dilution is measured by a spot test, carried 
out by placing a drop of the fuel-diluent mixture on a filter-paper. A 
homogeneous stain denotes compatibility, whilst a positive spot, i.¢., a 
spot with a nuclear ring, indicates incompatibility. In the latter case, the 


* Oliensis, G. L., ‘* Fundamental significance of Oliensis spot test,’’ Proc. Amer. 
Soc. Test. Mater., 1941, 41, 1108-22. 
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test is repeated with more aromatic diluents until a clear spot with no nuclear 
ring is obtained. The xylene equivalent (X.E.) is expressed as the per- 
centage of xylene in the xylene—white spirit mixture which just does not 
produce a ring. 

The blending characteristics of a fuel oil may therefore be expressed in 
terms of the degree of aromaticity of the diluent which gives a stable 
dilution. In most straight-run asphaltic fuel oils the nature of the con- 
stituent asphaltenes is such that the oil may be diluted with the aromatic- 
free white spirit alone without precipitation (flocculation) of the asphaltenes. 
Such fuel oils, therefore, have a xylene equivalent of zero. On the other 
hand, cracking so affects the asphaltenes that they are much more readily 
flocculated and in this sense, when compared with straight-run oils, the 
fuels are to be regarded as unstable. Thus, the extent to which the 
aromaticity of the diluent has to be increased to keep the asphaltenes 
dispersed becomes a measure of the inherent instability of the fuel to 
dilution. 

A description follows of the apparatus and test procedure used in the 
X.E. test. Certain changes in the method originally recommended by 
Oliensis have been made in order to adapt the test to its present purpose 
instead of its or'ginal purpose of evaluating bitumen. 


Apparatus for X.E. Test. 

(a) A 25-ml Erlenmeyer flask fitted with a glass-tube reflux condenser, 
internal diameter } in, length 8 in. A 4-in length of the condenser is sur- 
rounded with a jacket through which cold water is circulated. 

(6) No. 50 Whatman filter-paper. 

(c) Pipettes of 1-ml and 2-ml capacity. 


Diluents. 
A. White spirit conforming with the following specification :— 


Nature Straight-run 
Sp. gr. at 60,60° F 0-775-0-780 
Distillation : 
Initial boiling point above 150° C 
50°,, distilling to L70-180° C 
Final boiling point below 210° C 
Aniline Point 68-70° C 
(154—-158° F) 
B. Xylene c.p. 
Xylene Equivalent Test. 

The fuel oil is first filtered through No. 40 Whatman filter-paper, if 
necessary in an oven at 95-100° C. This is for the purpose of removing 
extraneous matter which would obscure the end-point. 

2 g (+ 0-1 g) of the filtered fuel is placed in a 25-ml flask, which is then 
attached to the reflux condenser. The fuel is warmed by immersion of the 
flask in boiling water for 10 min. 2-ml portions of white spirit are then 
added, via the condenser tube, until 10 ml in all have been added, the flask 
being swirled between the separate additions. The flask is heated for a 
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further 5 min, thoroughly agitated, and cooled to 100-110° F. After swir- 
ling the flask to ensure the homogeneity of the contents, a drop is transferred 
by means of the 1-ml pipette to a No. 50 Whatman filter-paper. The stain 
is examined after 10 min. A negative test is indicated by a homogeneous 
stain with no black ring. The flask with its contents is then stored at room 
temperature for 24 hr, after which period the mixture is warmed to 
100-110° F, swirled as before, and a further spot test made. If this second 
stain confirms the first negative result, the fuel oil is rated as of X.E. = 0. 
However, if the spot shows a black ring. either immediately or after 24 hr 
storage, a further test is made in an identical manner but employing 10 ml 
of a mixture of 95 per cent aromatic-free diluent and 5 per cent xylene. 
The test is continued in this manner, by increasing the xylene content of the 
diluent mixture by progressive 5 per cent increments, until a black ring is 
not produced. 

The xylene equivalent indicates the lowest percentage of xylene in the 
diluent mixture which will prevent the formation of a ring; for example, a 
xylene equivalent of 66-70 indicates that a ring was obtained with the mix- 
ture containing 65 per cent xylene but not with one containing 70 per cent 
xylene. A typical series of spots is depicted in Fig. 1. 

The test must always be carried out on the oil-diluent mixture after 24 Ar 
storage. 

The following arbitrary classification of fuel oils, in terms of their stability 
for blending, is proposed :— 


X.E.0-10 . Highly stable. 
X.E. 11-30. . Stable. 

X.E. 31-55 . . Moderately stable. 
X.E. 56-100 . . Unstable. 

X..E, 100 . Highly unstable. 


CoMPATIBILITY INDEX FOR Gas Or. COMPONENT. 


From the point of view of compatibility the most important property of a 
gas oil is its effect on the asphaltenes. Since this is related to aromaticity, 
an index is required which assesses the aromaticity of the gas oil. 

Initial experiments were carried out with the diesel index as a measure 
of compatibility. It was found, however, that some inconsistencies arose 
on account of the specifie gravity factor, and the device was subsequently 
abandoned in favour of the aniline point. It is possible that other pro- 
perties of the gas oil, such as interfacial tension, play a part, but there is 
little doubt that the solvent power, as assessed by the aniline point, repre- 
sents the main factor. 

The aniline-point test is carried out in the conventional manner, according 
to I.P. Method 2/47. 

Two further aspects which play a part in the ultimate stability of the 
blend are worthy of mention. The first concerns the blending procedure 
employed. The gas-oil component of a blend is a potential precipitator 
and should, therefore, always be added to the asphaltic component so that 
the latter is in excess as long as possible. .The reverse procedure of adding 
asphaltic oil to gas oil may result in the precipitation of asphaltenes that 
might otherwise be held in suspension. 
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The second aspect concerns the viscosity of the gas-oil diluent, which 
characteristic directly determines the extent of dilution. 


Practica SitupGe TEst. 
Considerations. 


It was realized early in the investigation that it would be necessary to 
prove that sludge deposition of a blend in practice could be related to the 
suggested laboratory tests for X.E. of the fuel component, and aniline 
point of the gas-oil component. 

It was considered impracticable to prepare numerous large-scale blends, 
and it was decided to make up small blends in the laboratory under carefully 
controlled conditions which would not only simulate practical conditions, 
but also provide reliable quantitative results. 

A direct centrifuge test at 4000 r.p.m. without the use of solvents was 
finally selected. It was found that sludge from an unstable blend could be 
packed at the bottom of a centrifuge tube and, after decanting the supernatant 
oil and draining, the sludge could be estimated with a satisfactory degree of 
repeatability. Admittedly, in the absence of a solvent, the sludge would 
entrain some oil, but it was felt that this feature conformed with sludge 
obtained in large-scale practice. Moreover, the absence of solvents would 
avoid the complication arising from undue disturbance of the fuel-oil 
system. 

The whole operation of the test, i.e., the initial preparation of the blend, 
storage, and centrifuging, is performed in the centrifuge tube. This 
procedure obviates the risk of a non-representative sample being tested, a 
likely happening when a sample for centrifuging is extracted from a larger 
bulk. 

It was found that asphaltene flocculation was considerably more rapid 
with the X.E. test diluent than was the case with a gas oil of similar aniline 
point. With the former, a period of 24 hr was sufficient to precipitate all 
insoluble material, whilst a period of twenty days was found necessary with 
a gas-oil diluent. The results obtained on the 24 hr sludge test using the 
X.E. test diluent were, however, generally of the same order as those ob- 
tained with gas oils of similar aniline point. The degree of correlation of 
the suggested laboratory tests for X.E. and aniline point with. practical 
conditions can, therefore, be determined by means of the sludge-test pro- 
cedure using either gas-oil diluents with twenty days storage, or X.E. test 
diluents (of similar aniline points) with 24 hr storage. 

A dilution ratio of 5:1 volume, diluent /fuel oil respectively, was used in 
the sludge test and a temperature of 100° F was employed for blending, 
storing, and centrifuging. 


Apparatus for Centrifuge Sludge Test. 


(a) Centrifuge operating at 4000 r.p.m. 
(b) Mixing equipment shown in Fig. 2. 


A is a 25-ml burette with a rubber connexion B (perforated to prevent 
air-lock) to the glass feed tube C. The glass centrifuge tube D, of 15-ml, 
capacity, is assembled with a small mechanical stirrer E in the position 
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shown. The centrifuge tube, with stirrer, is partly immersed in a glass 
beaker, H, of about 1500-ml capacity, containing water maintained at 
100° F by means of electrical heater G.  F is a thermometer. 


APPARATUS FOR PRACTICAL SLUDGE TEST. 


Fia. 2. 


Procedure. 

2 g (4. 0-01 g) of the fuel oil is placed in the weighed centrifuge tube 
which is then assembled with the mixing equipment in the water-bath, 
The stirrer is started and the speed adjusted to about 100 r.p.m., the stirring 
paddles almost touching the bottom of the tube. A volume of 10 ml of the 
diluent is added from the burette, at a slow rate (drops just short of thin 
stream). After all the diluent has been added, mixing is continued for 
exactly 5 min. The tube and contents are then removed from the mixing 
equipment, care being observed to drain the stirrer of oil, and weighed (to 
nearest 0-Ol g). The tube is closed with a slotted cork and placed in storage 
at 100° F for twenty days in the case of gas-oil dilution and 24 hr when 
xylene-white spirit mixture is the diluent. 

At the end of the storage period, the tube is centrifuged at 4000 r.p.m. for 
15 min at 100° FF. If the centrifuge does not incorporate a temperature- 
regulating device the tube should be heated to 120° F before centrifuging 
and thereafter at 5-min intervals until the total time “ on swing ”’ is 15 min. 
After centrifuging, the supernatant oil is decanted without disturbing the 
sludge and the tube drained in a vertical position at 100° F for 30 min. The 
oil accumulation at the lip of the tube is wiped off and the tube with sludge 
weighed, 


APPLICATION OF COMPATIBILITY INDICES. 


The method has been applied to a very large number of components the 
inspection properties of which are given in Tables Land IT. 
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TABLE I. 
Properties of Fuel Oils. 


Vise, Red. I Water and 


Xylene equiv- 
Ref. No. . prey at 100° F, see sediment, 
» vol 
0 3680 0-1 
2 0 1900 0-2 
3 0 1070 0-3 
4 16/20 131 Traces 
5 31,35 150 O-1 
6 51/55 1440 0-9 
7 51/55 1200 0-4 
8 | 66/70 575 0-15 
9 100 1140 0-8 


TaBLe II. 


Properties of Gas Oils. 


Aniline point, Vise, Red. I 


Ref. No. at 100° F, see 


100 41 


10 
103 31 
12 113 41 
13 113 39 
14 113 36 
15 120 45 
16 120 50 
17 124 30 
Is 137 80 
19 138 33 
20 156 41 
21 > 157 38 
22 158 41 


Is5 


A series of practical sludge tests was carried out by blending each fuel oil 
(Table 1) with various gas oils in Table LI and, again with X.E. test diluents 
of similar aniline points in the ratio of 5:1 diluent /fuel oil. The three 
straight-run fuel oils, of X.E. = 0, were examined first (Tables ILL, IV, 
and V). 

IIL. 
Fuel Oil No.1. (X.E. = 0.) 


Sludge, % wt 


Diluent | Aniline point, | after storage for 
20 days. 1 day. 
Gas oil :- | 
X.E. test diluent :— 
65°, white spirit 35%, xylene. 1006 0-05 
713% ai 115 | . 0-06 
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IV. 
Fuel Oil No.2. (X.E. = 0.) 


Sludge, % wt 
after storage for 
Aniline point, 
20 days. 
Gas oil :-— 
X.E. test diluent ; 100%, white spirit 158 


1 day. 


TABLE V. 
Fuel Oil No. 3. (X.E. = 0.) 


Sludge, % wt 
Diluent Aniline point, after storage for 
20 days. 1 day. 


Gas oil :— 
No. 2 ‘ 5 0-20 — 

5 0-30 

X.E. test diluent : 100%, white spirit 158 -- 0-60 


The xylene equivalent of the above three fuel oils is zero, that is, aromatic- 
free diluent (aniline point 158° F) does not flocculate the constituent 
asphaltenes. Hence, it is to be expected that if the gas oil used is of aniline 
point not exceeding 158° F a stable blend will be produced. The results of 
the centrifuge sludge tests confirm this. 

Note: The straight-run fuels used in the above were not filtered prior to preparing 
the blends. It is therefore to be expected that a small amount of sludge will usually 
be obtained in the test, 

Fuel Oil No, 4 (Table V1) is a low-viscosity oil of relatively low asphaltene 
content and heavy sludging is not to be expected with diluents prone to 


TABLE VI. 
Fuel Oil No. 4. (X.E. = 16/20.) 


| Sludge, wt 
after storage for 
Diluent. 


Aniline point, 


20 days. 1 day. 


Gas oil : 

| | 0-20 

0-25 


X.E. test diluent : 
65°, white spirit 35°, xylene 
73° 970° 


70 
17 oO ” 


-o 


‘vo ” 


100°, 


‘ 
2 
- 
— 
ic = 
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| 
100 
0-04 
83% » . 130 0-22 
93% — 145 — 0-54 
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cause flocculation. The oil has a X.E. of 20 and the gas-oil diluent chosen 
for it must not be less aromatic than the X.E. test diluent. The latter has 
an aniline point of 124° F (see Fig. 3). Therefore the aniline point of the 
gas oil must be less than 124° F. 
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Fig. 3. 


ANILINE POINTS OF X.E, TEST DILUENT MIXTURES, 


Table VI indicates the effect on sludge of diluents of different aromatic 
content. The relatively smaller effect in the case of gas oil is to be noted. 

The X.E. of 31/35 rates Fuel Oil No. 5 as compatible with a diluent of aniline 
point 97° F maximum (see Fig. 3). Table VIL shows that, where the 
diluent is of higher aniline-point sludge is produced, the amount of sludge 
increasing with increase in the aniline point. 


Tasie VII. 
Fuel Oil No. 5. (X.E. 31,35.) 


Sludge, °% wt 
Diluent Aniline point, alter storage for 


20 days. 1 day. 
Gas oil : 
No. 
test diluent : 
white spirit 43°, xylene 
35% 


oro 


All 
| | 
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| | 5 
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\ } | | 
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It will be noted that the test diluent produces more sludge than a gas oil 
of similar aniline point. This may be due in part to differences in emulsi- 
fication properties of the two materials. This aspect is discussed below 
under Table VIII, where reference is made to the possible effect of steam- 
emulsion number. 

Tasie VIII. 
Fuel Oil No. 6. (X.E. = 51/55.) 
Sludge, % wt 
ny Aniline point, after storage for 


1 day. 


103 
113 
113 
113 
120 
120 
124 
138 
157 
185 


bo to bs 


~ 


diluent : 
50 0-70 
100 3-08 
115 3-80 
130 4-60 
138 6-10 
158 | . 7-05 


The X.E. of 51/55 indicates that the diluent must be of aniline point less 
than 55° F (see Fig. 3) and all the gas oils appearing in Table VIII produce 
unstable blends. 

It will be noted that although gas oils 15 and 16 are of the same aniline 
point (120° F) the amount of sludge which they produce after blending with 
the same asphaltic fuel is very different. The reason for this difference in 
behaviour is being investigated. However, it has been noticed that while, 
in general, the steam-emulsion number (1.P. 19/47) of a gas oil is low, not 
more than 100, an occasional oil yields a much higher number. The steam- 
emulsion number of gas oil 15 is over 1200, and there is some evidence that 
when the steam-emulsion number of a distillate is abnormally high it is less 
prone to cause instability when blended than its other properties would 
indicate. 

TABLE IX. 
Fuel Oil No. 7. (X.E. = 51/55.) 
| Sludge, % wt after 


Aniline point, 
, storage for | day. 


Diluent. 
X.E. test diluent : 
43°, white spirit 57° 
65% 3. 
73%, 
83°% 
100°; 


» xylene . 


“yy, 
| | 
Gas oil 
fis 12 ‘52 
X.E. test 
43% wh 
65% 
73% 
83% 
87% 
100%, 
; 
| 
| 
| 
! 
‘ 50 0-20 
130 1-49 
15s 2-86 
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Table IX gives the results obtained with two fuel oils mixed to give a 
blend of the same X.E. as No. 6. It will be seen that less sludge is pro- 
duced than in the case of No. 6. 


TABLE X, 
Fuel Oil No. 8. (X.E. 66/70.) 


Siudge, % wt 
Aniline point, after storage for 


20 days. 1 day. 


Gas oi! :— 
2-60 


X.E. test diluent :— 
26% white spirit 74% xylene 


100% 


TasLe XI. 
Fuel Oil No.9. (X.E. = 100.) 


Sludge, % wt 
; | Aniline point, after storage for 
20 days. I day. 


Gas oil :- 
No. 4-08 
4-94 
5-20 
5-21 
4-81 
4°20 
5-91 
6-27 
5-15 
7-97 
X.E. test diluent :— 

87% white spirit 13% xylene 

100%, . . 


— 


The oils dealt with in Tables X and XI are both highly cracked and are 
examples of stocks which cannot be blended with low-viscosity distillates 
to produce stable blends. Their xylene equivalents of 66-70 and 100 
indicate that distillates of aniline point 19° F and minus 70° F respectively 
would be required (see Fig. 3). Such requirements cannot be met by con- 
ventional petroleum distillates. 


BLENDING STABILITY CURVE. 


Although it is evident from the tabulated data that there are a few 
anomalies as between X.E/aniline point and the actual amount of sludge 
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deposited, it is considered that in general the data substantiate the claim 
that the X.E/aniline point relationship gives a guide as to possible sludge 
deposition. It, therefore, becomes possible to use the correlation between 
xylene equivalent and aniline point to form a blending stability curve from 
which to determine : (a) the maximum aniline point which a particular fuel 
oil will tolerate in a gas oil, (b) the maximum xylene equivalent which a 
particular gas oil can accommodate in an asphaltic fuel, or (c) ifa proposed 
blend of asphaltic fuel and distillate is likely to be stable. 

The curve is a modified version of that shown in Fi ig. 3, which gives the 
aniline point of the diluents used in the xylene equivalent test. From Fig. 3 
it will be seen that a positive spot test will be obtained whenever an aniline 
point and xylene equivalent become associated in the area to the right of 
the curve. Hence, if in preparing a blended fuel oil, components are chosen 
whose relevant properties become associated to the left of the curve, stability 
is probable. The curve is illustrated in Fig. 4. 


200 


| UNSTABLE | 
BLENDING | 


| STABLE 
‘BLENDING | 
| ZONE 
| i\ 


| 


| 


| | 
| 
4 
XYLENE EQUIVALENT OF FUEL OIL 
Fia. 4. 


BLENDING STABILITY CURVE, 


| 


w 
z 
z 
< 


It must be emphasized that in drawing conclusions from the blending 
stability curve, a certain tolerance must be allowed to take care of : (1) the 
inherent experimental error in the determination of the aniline point and 
X.E., and (2) possible variation in the physical properties of the components 
which may influence the ability of the blend to hold the sludge in suspension 
It is therefore logical to assume that the curve is bordered by a narrow strip 
representing a zone of doubtful stability. 

Examples of the use of the curve : 


Fuel Oils: To obtain stable blends. 


(1) X.E. 1/5 fuel can employ a gas oil of maximum A.P. 148° F. 
(2) . 4650 fuel can employ a gas oil of maximum A.P. 66° F, 
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a 


Gas Oils: To obtain stable blends. 


(1) A.P. 50 gas oil is suitable for fuel of maximum X.E. 51/55. 
(2) A.P. 115 gas oil is suitable for fuel of maximum X.E. 21/25, 


CONCLUSIONS. 


The findings of this investigation and certain issues relevant to fuel/gas 
oil stability may be summed up as follows : 

(1) Evidence has been produced to indicate that if care is taken in selecting 
fuel oil and distillate-gas-oil components in making a blend of these com- 
ponents, a blend showing satisfactory storage stability can be obtained. 

(2) The validity of the X.E. test on fuel oil and the aniline-point test on 
gas oil has been substantiated by a practical sludge test. It is submitted, 
therefore, that the blending curve given in this paper could with advantage 
be used in all cases where such blends have to be made. This will merely 
necessitate an X.E. test on the fuel and an aniline-point test on the gas oil, 
there being no need to carry out the more complicated sludge test, which has 
been done in this work merely to substantiate the proposed use of the two 
simple laboratory tests. 

(3) The solvent power of a gas oil (as assessed by the aniline point) is 
shown to play a major role in determining compatibility, but it is also clear 
from the few anomalous results which have been obtained that other factors 
play their part. For instance, it has been shown that, in many cases, where 
a gas oil behaves as if its aromaticity were higher than the aniline point 
would indicate, the steam-emulsion number is high. It is not suggested 
that there is a direct relation between aniline point and steam-emulsion 
number. However, it is interesting to note that the gas oil which is able 
to form a relatively stable emulsion easily is also able to prevent the pre- 
cipitation of asphaltenes in circumstances which normally would not be 
regarded as propitious. Work on this further aspect of the matter is in 
progress. 

(4) The choice of white spirit for the determination of xylene equivalent 
is not entirely satisfactory, and the substitution of a pare hydrocarbon for 
the arbitrary product now specified is much to be desired. n-Heptane and 
iso-octane have been investigated for use in the determination of the 
xylene equivalent of bitumen, and it should be possible to use them for the 
examination of fuel oil components. 
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SULPHUR (CORROSIVE)—COPPER STRIP TESTS. 
I.P.—64/49. 
THE text of paragraph 1(b) of the Introduction to this method, as printed in 
the Tenth (1949) Edition of ‘ Standard Methods for Testing Petroleum and 


Its Products,” unfortunately contains errors. 
Users are asked to note that this paragraph should read as follows :— 


“(b) It is suggested that Procedure A should be used for motor fuel, 
kerosine, gas oil, and diesel fuel, Procedure B for lubricating oils, and 
Procedure C for white spirits.” 
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THE INSTITUTE OF PETROLEUM. 
MEMBERSHIP CLASSIFICATION. 


FRoM a recent survey of the membership rolls it is apparent that there are 
many Members in the Associate Membership or Associate Fellowship 
classes who have attained the necessary qualifications to apply for transfer. 

The qualifications required for Membership or Fellowship are set out 
in By-Laws 8 and 9 as follows : 


By-Law 8—Members. 


A Member shall be not less than 30 years of age and shall satisfy the 
Council that he is a fit and proper person to belong to the Institute and that 
he has the requisite position and attainments, including at least five years 
in a position of superior responsibility in the petroleum or allied industries. 


By-Law 9—Fellows. 


A Fellow shall be not less than 30 years of age and shall satisfy the 
Council that he is a fit and proper person to belong to the Institute ; that he 
has suitable scientific and technological attainments, and that he has held 
for at least five years a position of superior responsibility in the domain of 
the science or technology of petroleum. 


Membership and Fellowship are of equal status, and Candidates are classified 
in accordance with their occupation. 

Council are anxious that the classifications in the Institute should be as 
accurate as possible, and Associate Members and Associate Fellows with 
suitable qualifications are invited to apply for transfer to the higher classes. 
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SPELLING OF THE WORD KEROSINE. 


NEARLY twenty-five years ago the American Society for Testing Materials 
and the Institute of Petroleum agreed to standardize on the spelling of the 
word “ Kerosine ” with the suffix “ive.” It was agreed that in petroleum 
nomenclature the ending “ ENE ”’ is generally applied to pure hydrocarbons. 
Furthermore, since the suffix ‘‘ vg” is applied to gasoline it should also be 
applied to kerosine. 

The American Society for Testing Materials and the Institute of Petro- 
leum, realizing that there is still not uniformity in the petroleum world 
regarding the correct spelling of this particular product, desire to reiterate 
their strong recommendation for international recognition of the spelling 
KEROSINE. 
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ABSTRACTS. 


OILFIELD EXPLORATION AND EXPLOITATION. 


Geology. 


1. Definition and classification of bitumen. H. Mallison. Erddl u. Kohle, 1949, 2, 
437-8.—-A reply, from the chem aspect, to the scheme proposed by Gothan (ef. Abstract 
No. 1259/1949). M. considers that a definition serving both the geologist and the 
chemist is feasible, and proposes such a classification. Bitumens are divided into 
Bitumikarbe (formed in an oxidizing medium) and Bituminole (formed in a 
reducing medium). Origin, genetic properties, and chem characteristics ace given for 
both groups. 


2. Comments on the remarks by H. Mallison concerning bitumen classification. W. 
Gothan. Erdél u, Kohle, 1949, 2, 438-9 (cf. preceding Abstract).—G. criticizes some 
of M.’s conclusions, particularly with regard to the “ Bituminole”’ group. The 
philological aspect of the proposed nomenclature is also discussed. V¥. 3B. 


3. Classification of natural brackish waters. H. Hiltermann. Erdoél u. Kohle, 1949, 
2 (1), 4-8.— The hydrographic classification of brackish waters is being extended more 
and more by biocoenose considerations. In applying Remane’s work, the break 
between brackish and seawater is taken at a total salt content of 16-5%, and the 
adjective polyhaline is dropped in favour of brachyhaline. The brackish waters can 
be divided on a biological basis into four groups, oligo-, mio-, meso-, and plio-haline. 
Of these, mesohaline applies only to a narrow group with a total salt content of 5-9%,. 
8S. E. C. 


4. The Flabellina-like foraminifera—-systematics and stratigraphy. H. Bartenstein. 
Erdél u. Kohle, 1948, 1 (6), 180-4.—The differences between the foraminiferal genera 
Palmula, Flabellina, and Falsopalmula are demonstrated. The genus Flabellina is 
limited to the Upper Cretaceous, the simplest forms appearing in the Emscher, and 
the most complicated dying out in the Denian. The variations in shell character- 
istics which can be used for stratigraphical purposes within that range are described. 
The genus Falsopalmula (Permian to Recent) has its greatest development in the 
Lower Cretaceous, Palmula has been found twice in the Lower Cretaceous of Germany. 
Also from the Lower Cretaceous are Plabellinella didyma and two new species, Flabel- 
linella duestensis and Flabellinella hannoverana, which are described. S. E. C. 


5. Problems of micro-palaeontology. H. Hilterman. Hrddi u. Kohle, 1948, 1 (3), 
103-7.— Publication of the more important items of the 1946 interchange meetings 
for micro-pal#ontology and stratigraphy has been hindered by the lack of press 
facilities. The present paper deals with the author’s contributions to those meetings, 
and is concerned primarily with reviews of problems of taxonomy, etc., in recent 
publications by Glaessner, by Wood and Barnard and by Hégland. 8. E. C. 


6. The significance of heavy mineral assemblages. Kk. Weyl. Erddl u. Kohle, 1949, 
2 (6), 221-4.— The mineral composition of a sediment, and especially its heavy mineral 
assemblage, is influenced by many factors, chief amongst which are the relief of the 
land surface from which the sediment was derived, the climate at the time of denuda- 
tion and diagenesis. The effect of these influences is illustrated by a number of 
examples. BE. C. 


7. Exploration up to 16°, in 1948. ©. Smith. World O71, 1.2.49, 128 (10), 62.—-6827 
exploratory wells were completed in the U.S.A. in 1948. 1347 of these were pro- 
ductive. 884 new pools were opened, 601 being new fields and 283 new pays. Seventy 
new distillate fields were found, and there were 140 gas discoveries. There were 208 
extensions. Strict wildcats totalled 6182, and of these 774 were commercial successes. 

Tables give by states the types of exploratory completions for December and for all 
1948, together with a list of successes in 1948, accompanied by brief details. 


G, D. H. 
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8. U.S. reserves at new peak. L. J. Logan. World Oil, Apr. 1949, 128 (13), 52.— 
At the end of 1948 U.S. oil reserves were estimated as 23,280,444,000 bri of crude oil 
and 3,540,783,000 brl of natural-gas liquids (condensate, natural gasoline, and liquefied 
petroleum gases). The total was 8-4%, above the 147 figure. Total petroleum pro- 
duction in 1948 was 2,186,197,000 bri. In 1948, 3,795,207,000 brl of erude and 
470,557,000 bri of natural-gas liquid reserves were proved up. At the end of 1948 
natural-gas reserves were estimated to be 173,869,340 million cu. ft., an increase of 
4-8% over 1947. 6,007,628 million cu. ft. of gas was produced in 1948. 

Tables give the proved reserves reported prior to 1946, with the major types of 
additions in each year; from 1946 to 1948 the additions as crude oil and natural-gas 
liquids; the discoveries and reserves by states for 1948; and the gas reserves and 
discoveries by states for 1948. G. D. H. 


9. Oil prospects in basin areas. G.F. Moulton. World Oil, Mar. 1949, 128 (12), 61.— 
The principal U.S. sedimentary basinal areas are enumerated and marked on a map, 
and brief notes are given on the oil and gas prospects of these areas. A table gives 
the area of each basin and the volume of sediments, together with the category of the 
oil prospects. The group of Rocky Mountain basins, the Midland basin, the Anadarko 
basin, and the Gulf Coastal basin appear to be the best prospective areas, with the Gulf 
Coastal basin offering better prospects than the others. G, D. H. 


10. Evolution of thought on structure of middle and southern Appalachians. J. 
Rodgers. Bull. Amer. Ass. Petrol. Geol., 1949, 38, 1643-54.—Since the early studies 
of the Rogers brothers (1835-42), many structural ideas have emerged from the study 
of the Appalachians, such as the geosyncline, underthrusting, erosion thrusts, and the 
competence of strata. Prominent among the many investigators was the group 
of geologists headed by Willis and Hayes, who late in the nineteenth century worked 
out several of the low-angle, large-displacement thrust faults of the southern 
Appalachians and attempted to explain the mechanics of Appalachian structure. 

In recent years, two schools of thought have been developing with regard to the 
depth of Appalachian deformation. One school holds that all large folds and faults 
extend down to, and are supported by, the basement; the other holds that the de- 
formed rocks have been stripped completely off the basement along one or more great 
bedding-plane thrust faults. 

The author suggests that these two schools of thought have gone almost as far as 
they can at present in setting forth the rival hypotheses, and points out that it is now 
time to confront these hypotheses with the facts. E. N. T. 


11. Golden Spike area tests show high pay prospects. Anon. World Oil, Apr. 1949, 
128 (13), 238.—4 miles west of the Woodbend field Schoepp 1 in the Golden Spike 
area has cored saturated pay in the D-3 zone. 231 ft of the formation has been 
penetrated. A test at 5593 ft recovered 5080 ft of clean oil and blew gas at possibly 
167,000 cu. ft. per day. G. D. H. 


12. Asphaltic sands occurring in oil fields. K. E. Stanfield and D. B. Taliaferro. 
World Oil, Apr. 1949, 128 (13), 82.—Black sands, although highly saturated with 
organic matter, are frequently non-productive of oil. In eastern Kansas there are 
black-sand sections which vary widely in a given field. These are found in areas 
being considered for water-flooding, but cores on test show no oil recovery by water 
flooding. Indeed, water entry is negligible at 100 p.s.i. One sample on retorting 
indicated 760-850 brl per acre-ft. The porosity was 17-9-19-7%. After solvent 
extraction the cores remained black, and the grains were extensively cemented by 
hydrocarbons.” 

In one case only 35% of the total organic matter was soluble in benzene. The rest 
was classified as asphaltic pyrobitumens. Only 47°, of the benzene extract was oil, 
the rest was solid or semi-solid resins and asphaltenes. G. D. H. 


13. Regional aspects of Cambrian and Ordovician subsurface stratigraphy in Kentucky. 
L. B. Freeman. Bull. Amer, Ass. Petrol. Geol., 1949, 33, 1655-81.—This paper 
presents suggestions for the correlation of Cambrian strata penetrated in the deeper 
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wells in Kentucky with the outcrop plug rocks on the Ozark uplift and with the sections 
to the north. » 

Stratigraphic sections are used to indicate lithologic changes through the major 
divisions of the Ordovician. The pattern of these facies suggests thai the extended 
Ozark uplift was a source for much of the clastic sediments from the Chazy to the close 
of the Cincinnatian. A sub-Cretaceous areal geologic map is presented. 


E. N. T. 


14. Mayfield Pool, Cuyahoga County, Ohio. H. E. Rothrock. Bull. Amer. Ass. 
Petrol. Geol., 1949, 38, 1731-46.—-The Mayfield gas pool is in northeastern Cuyahoga 
County. Gas and a small amount of oil are produced from the Newbury sand (Middle 
Silurian) at an average depth of 2875 ft and from the so-called Oriskany sand (Lower 
Devonian) at a depth of 1800 ft. The reservoir is of the structural type in the Oriskany 
sand, and is of a combined structural and porosity type in the Newbury sand. 

The structure has not yet been completely outlined, but at the surface is a dome 
with limbs dipping about 0° 18’. In the subsurface the structure appears to be a 
broad anticline trending northeast with a known closure of approximately 100 ft and 
with its southeast limb dipping 0° 38’. Fifty-two tests, eleven of which were dry holes, 
have been drilled on the anticline. The total yield of gas, on Jan. 1, 1949, has been 
nearly 14,500 million cu. ft. 

Detailed subsurface maps are given. E. N. T. 


15. Petrology and Paleogeography of Greenbrier formation. ©. Rittenhouse. Bull. 
Amer, Ass. Petrol. Geol., 1949, 33, 1704-30.—The author describes in detail the 
petrology and paleogeography of the Mississippian Greenbrier formation as determined 
from study of well samples, insoluble residues, heavy minerals, and thin sections. 
Approx half the production of oil and gas from the Greenbrier formation is from 
clastic limestones; and half is from dolomite and dolomitic hmestone, which are 
largely confined to the basal 20-30 ft of the Greenbrier formation. The dolomite 
clearly replaces limestone. our methods by which magnesium-bearing waters could 
be introduced into the formation are suggested, and the probable pattern of dolomitiza- 
tion resulting from each method is considered. E.N. T. 


16. Geological significance of world’s deepest well bore. R.R. Wheeler and J. Wallace. 
World Oil, 1.2.49, 128 (10), 53.-The Superior Oil Co. drilled a 17,823-ft well in the 
Anadarko basin in Western Oklahoma. The well was on a dome trending northwest— 
southeast, parallel to the faulted flexures associated with the Arbuckle—Wichita— 
Amarillo uplift. Dips of 25° were observed in cores, and hence the subsurface struc- 
ture may not have been tested. Permian and Pennsylvanian beds were penetrated, 
and these are described. Atoka beds were met. The indications are that any late 
Mississippian movement in this area was negligible compared with the two periods of 
early Pennsylvanian movement preceding and following the Atoka. 

In parts of the Anadarko basin there are 3000 ft of Mississippian rocks, 13,000- 
14,000 ft of Pennsylvanian, and about 5060 ft of Permian. G. D. H. 


17. Subsurface Upper Devonian sections in southwestern Pennsylvania. RK. E. Bayles. 
Bull. Amer, Ass. Petrol, Geol. 1949, 38, 1682—1703.—With small exceptions, the Upper 
Devonian rocks of western and southwestern Pennsylvania are concealed beneath a 
mantle of overlying Mississippian, Pennsylvanian, and Permian sediments. Drilling, 
in recent years, has yielded many excellent sections. This paper presents some of 
these sections in a generalized graphic form; they are assembled into cross-sections 
which illustrate the facies variations in the Upper Devonian sediments of southwestern 
Pennsylvania. E. N. T. 


18. Record well below 19,000 ft. Anon. World Oil, May 1949, 129 (1), 78.—A well 
in Sublette County, Wyoming, is drilling below 19,435 ft. 

Tables summarize the wildcat completion results in the U.S.A. by states and 
districts for March and the first three months of 1949. In March 646 exploratory wells 
were completed, sixty-nine finding new oilfields, and twenty-six extensions. In all, 
149 produced oil, gas, or distillate. The March discoveries are listed with a summary 
of the important data. D. 
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19. Wyoming wildcat nears 18,000 ft. ©.Smith. World Of/, Apr. 1949, 128 (13), 86.— 
A Californian well has been abandoned at 18,734 ft. In Wyoming a test has reached 
7,800 ft. 
923 exploratory wells were completed in the U.S.A. during the first two months of 
1949. Tables give by states and districts the results of these completions, as well 


as & list of the February discoveries with a brief statement of the main points. 
‘ G. D. H. 


20. Oil and gas possibilities in western Canada. JT. A. Link. Canad. Min. metall. 
Bull., 1949, 42, 533-42; Trans. Canad. Inst. Min. metall., 1949, 52, 220-30.—The 
oil and gas possibilities of western Canada are summarized. Oil and gas have been 
found in the Cambrian and possibly in the Ordovician; none in Silurian; greatest 
developed reserves are in Devonian; large amounts in Mississippian ; none in Pennsyl- 
vanian or Permian ; shows in Triassic; small yields in Jurassic; heavy oil, tar sands, 
and gas in Lower Cretaceous; large and small gas fields in Upper Cretaceous. 

At Jan. 1, 1949, 2500 holes had been drilled in western Canada and oil produced, 
plus that to be produced, is cale at 728 million brl. This is made up (in mil brl) of 
Norman wells, 33; Turner Valley, 120; Ledue-Woodbend and extensions, 250; 
Redwater, 300; Lloydminster, 20; Conrad, Princess, Taber, Red Conlie, 5; with an 
unknown quantity for Golden Spike. G. 8. 


21. Bolivia solving supply problems. Anon. World Oil, Apr. 1949, 128 (13), 229. 
Camiri 40 found the Devonian sands watered on the west flank, while Camiri 24 found 
oil in one sand and water in the other. In 1948 Camiri gave 267,438 brl of oil. The 
output of 730 b.d. is the limit of the refinery and distribution facilities, but the twelve 
producers could give 3500-3800 b.d. Sanandita and Bermejo gave 110,301 brl and 
88,821 brl respectively, in 1948, but the scanty supply of materials was reserved 
mainly for Camiri, which gives 53-1° oil. Bermejo yields 25-26° oil, and this could 
give good lubricants. 

The Mandeyapecua structure is being explored. It has commercial amounts of oil. 
The Izozog area has oil possibilities and is well placed. It is about 65 miles northeast 
of Camiri. Aerial photographs have been taken, and geophysical work is planned. 
36 miles north of Sanandita in the Los Monos area a well found the Devonian sands at 
less than 2000 ft. Another test is planned. 

The government aims at self-sufficiency in oil. G. D. H. 


22. Attempt made to extend Chile’s Spring Hill field. Anon. World Oil, Mar. 1949, 
128 (12), 222.—Eighteen wells have been drilled at Manantiales (Spring Hill). Eleven 
have found oil and five gas. The production is on the east flank of the structure with 
gas on the crest. The crude has a high paraffin content. The field potential averages 


about 300 b.d/well. Two further wells have been spudded. G. D.H. 


23. The geology of the new oilfields in the Llanos of E. Venezuela. H. Gerth. Erddl 
u. Kohle, 1949, 2 (7), 269-72.—-The Llanos are divided into a west and an east basin 
by the uplifted basement at El Baul. The east basin itself is divided by the Unare 
depression into the Maturin basin in the east and the Guarico basin in the west. These 
basins are filled principally with Tertiary sediments capped by Quaternary; some 
Cretaceous and even Trias sediments are found in the south, where the basement is 
nearer the surface, but it is likely that they occur only in depressions, for elsewhere 
Miocene rocks rest directly on the crystallines. 

Oil indications have long been known in the Llanos, and the first field, Guanoco, 
was opened in 1914, but most of the development has been since 1935. The oil- 
bearing structures can be divided into a northerly group with predominating N.E.— 
S.W. strike and a southern group with E.S.E.-W.N.W. strike. The first group is 
related to the tectonics of the Caribbean range, and is characterized by long, anti- 
clinal structures, often with highly inclined strike faults lifting the northwest flank 
on to the south. The second group is associated more with the Guiana massif and, 
instead of being marked by folds overthrust to the south, there are usually strike faults 
with downthrow to the north. 8. E. C. 


24. Phillips makes discovery near Venezuela’s San Joaquin fields. Anon. World Oil, 
Mar. 1949, 128 (12), 220.—On a block west and northwest of the San Joaquin group of 
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fields, Phillips has found oil-saturated sand in the Oficina formation. 165 ft of sand 
was logged between 7740 and 8500 ft. Tests of the several sands gave flows ranging 
300-1500 b.d. The well may be completed as a dual producer from the upper two 
sands, G. D. H. 


25. Underground waters of the gas-oil deposits of the Saratov region. I. B. Feigel’son. 
Doklad, Akad, Nauk S.S.S.R., 1948, 59, 307-10.—Analyses are given of waters obtained 
from all strata from the Jurassic to the Devonian. Mineral content of the water 
increases with depth. ‘The waters are divided into two types, salt waters (total salts 
0:4-2:1%; NaCl 0-35-1-7%) and brines (total salts 5-3-19-4%; NaCl 3-8-12-7%). 
Apart from NaCl,CaCl, (up to 4-9%) is the major component of most of the waters. 
Geological details are discussed in relation to the water analyses. vB. 


26. Recent completions indicate greater German development. Anon. World Oil, 
May 1949, 129 (1), 234.--On the northwest side of the Georgsdorf field a well north of 
one of the narrow east-west fault zones has yielded oil at 350 b.d. from 2140 ft. A 
further well on the west side extended production about 4 mile by finding oil in the 
Bentheim sand at about 3000 ft. The proved area is estimated to be 1600 acres. The 
present output is 1800 b.d. G. D. H. 


27. Geological problems of the search for oil in N.W. Germany. A. Bentz. Erddl u. 
Kohle, 1948, 1 (1), 3-16.--The oil occurrences are almost entirely in the North German 
Plain, the Diluvial and Tertiary deposits of which completely cover the older, oil- 
bearing structures. Until 1935 there were only four fields, Nienhagen, Wietze, 
Oelheim-Eddesse, and Oberg, and practically no data on which to base the search for 
new deposits. Since then extensive geophysical surveys and much drilling under 
competent supervision have provided the scientific foundations for further work. 

The Northwest German oilfields occur in a basin of deposition which was first 
separated from an Arctic Sea in Zechstein times. There was deposition during the 
Mesozoic and the Tertiary, and the sediments were strongly affected by Mesozoic 
earth movements, particularly the Upper Kimmeridgian orogeny. The fields are in 
five groups separated by large areas in which so far no oil has been found : 


1. The Hanover basin, extending 110 km from Fallstein northwestwards to 
the Lower Aller and beyond. 

2. The Hamburg basin in which are the Sottorf, Meckelfeld, and Reitbrook 
fields on an E.—W. line, 20 km long. 

3. The Schleswig-Holstein basin with the fields grouped around the Heide salt 
stock and extending over a distance of 30 km in a S.S.W.—-N.N.E. direction. 

4. The East Friesland basin with the isolated Etzel field, still difficult to explain. 

5. The Emsland basin with E.-W. anticlines and oil proved over a distance of 
30 km. 


The twenty-six fields in these groups are described in some detail. Twenty have a 
more or less close structural relationship to salt stocks and show many variations in 
detailed structure, in type of reservoir rock, and in age. 

Reservoir rocks vary in age from Rotliegendes to Tertiary, and the problems associ- 
ated with them are made more difficult because, in addition to the original porosity 
and permeability, there are equally important secondary characteristics induced by 
tectonics, weathering, etc. There is a similar complexity in structural types, and pro- 
duction may not be limited to salt stocks and anticlines. Major thrusts and faults, 
unassociated with salt structures, are not uncommon in Saxon tectonics and the 
possibility of stratigraphic traps must not be overlooked. The salt structures them- 
selves have not been completely investigated, and an analysis of the tectonic processes 
at each structure is necessary before its possibilities can be finally assessed. There 
are three fundamental types of salt stock: (1) Jurassic-Cretaceous penetration fol- 
lowed by Cretaceous-Tertiary penetration ; (2) Jurassic-Cretaceous penetration with 
later movement unimportant ; (3) Cretaceous~Tertiary penetration with older move- 
ment unimportant. These time relationships apply also to other structures, and full 
account must be taken of all discordances. 

The pre-saline structures are a special problem, The salt is mobile, and pre- and 
post-salt horizon structures therefore are not in accord. In general, the salt is Upper 
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Zechstein, but in North Hanover and Schleswig-Holstein the Rotliegendes salt also 
has been mobile. The effect of this at the edges of the Rotliegendes salt basin is 
unknown because transition phenomena between penetrative Rotliegendes salt and 
penetrative Zechstein salt have not yet been found. Such transition phenomena, at 
present only a theoretical concept, could be very important in relation to the oil possi- 
bilities of the Zechstein dolomite and limestone. 

The picture of the oil possibilities of Northwest Germany has been altered funda- 
mentally by the discoveries of the last fifteen years. The variety of the proven fields 
now is great, and still more types are possible. The Emsland anticlines alone probably 
have reserves exceeding the former total German production. S. E. C. 


28. The search for oil in N.W. Germany since 1930. ©. Heermann. Eriddl u. Kohle, 
1948, 1 (2), 57-70.—The economy of the development of Northwest German oil re- 
sources must be considered in the light of the experience of the past fifteen years and 
not decided solely on calculations of reserves, costs, ete. Drilling methods have 
changed in that time from percussion to rotary, but the early performance, when 
experienced engineers and crews worked with equipment partly of American origin, 
has not been maintained. Geophysical prospecting, after being started by private 
companies using gravimetric methods, was continued by the State Survey, which 
employed both gravimetric and refraction seismic techniques. These, while sufticing 
for structures such as salt domes and shallow anticlines, were not satisfactory for 
deeper structures, particularly those under a thick Upper Cretaceous-Tertiary cover; 
but the application of seismic-reflection methods to these problems was hesitating and 
dates only from 1941. Future exploration must employ the most suitable geophysical 
methods if the financial risks in deep drilling are to be reduced. The vesting of 
petroleum rights in the State in 1934 eased financial burdens of operating companies 
and promoted unit control of reservoirs, but it also brought State control of prospecting 
and development with its concomitant rigid outlook and inability to allow for those 
chance discoveries, so important in the petroleum industry, the geological knowledge 
and evaluation of which is derived after the find. 

1930, with the expansion of Nienhagen production, the development of BerkhOépen, 
the discovery of Mid. Zechstein oil at Volkenroda and the entry of the Potash interests 
and American groups into the industry, was a turning point, and the period 1930-34 
was marked by the movement towards new areas and the influence of the theory that 
all the oil was of Zechstein origin. The State drilling campaign began in 1934-—its 
main features and results are summarized—and by 1944, 739,000 m had been drilled. 
It resulted in an expansion of the productive area in space, in the stratigraphical 
column, and in tectonic types, and it led to a complete change in views on the oil 
possibilities of Northwest Germany. 

The Minster basin, well-known for its oil and gas shows, is a region where reflection 
seismic work could control test drilling. Work, details of which are given and which 
is sufficient to outline the requirements of a future programme, has been done, but 
the prospects of further action are crippled by doctrinaire opinions. It is questionable 
if earlier geological arguments were so valid that exploration in this region must be 
abandoned. 

The example of Minster and also of results obtained recently in Holstein, the Lower 
Elbe, East Friesland, and the Hanover basin show that new problems arise with 
advances in exploration, and present judgment of the oil prospects of Northwest 
Germany is on a completely different basis to that available in 1930-34. 8. E. C. 


29. The heavy mineral relationships in the subalpine Molasse at Kempton. F. Muller 
and E. Troger. Erdél u. Kohle, 1948, 1 (9), 269-73.—The geological structure of the 
folded Molasse in the Allgéu is described, and details are given of eight sections which 
were sampled. After preparation which removed the apatite, the samples were split 
and the fraction between 0-5 and 0-2 mm was retained for heavy mineral analysis. 
The mineral types are described. Results confirm findings based on pebbles in the 
Nagelfluh zones, that Lower Molasse, with the assemblage Almandine > Zircon > Rutile, 
can be distinguished from the Upper with its assemblage Almandine>Staurolite > 
Zircon. The frequently complete absence of Diasthene and Andalusite and the 
abundance of Glaucophane and Ottrelite in the Lower Molasse indicates that at the 
end of the Aquitanian and beginning of the Burdigalian there was an important change 
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in the source of sediment reaching the Allgéu district. Within both the Lower and 
Upper Molasse the mineral composition is remarkably constant and the only sub- 
division possible is that of the Upper on the basis of relative proportions of two types 
of Rutile, 

Comparison of the Allgéu material with that from Upper and Lower Bavaria suggests 
that in the Molasse trough there were several independent areas, each with its own 
more or less constant heavy mineral relationships, but it is not yet possible on any 
grounds to delimit them. 8. E. C. 


$0. Structure and oil possibilities of the Molasse of Upper Bavaria and Upper Swabia. 
A. Bentz. Erddl u. Kohle, 1949, 2 (2), 41-52.—-The subalpine Molasse basin extends 
from Geneva to Briinn and beyond into the Carpathian foreland, a distance of more 
than 900 km. There are oil shows throughout this distance, but they are more marked 
in the Swiss and the Austrian and Czecho-Slovakian parts than in the central German 
section. The Tegernsee oil must be excluded from this account, because a boring in 
1937-39 showed it most probably to be of Flysch origin and its occurrence in the 
Helvetian to be due to tectonic disturbance. There are, however, small gas occur- 
rences of local importance near Passau end asphalt impregnations near Ehingen on 
the Danube. <A boring at Ehingen for the purpose of testing oil possibilities of a pre- 
sumed major Danube fault zone, later proved non-existent by seismic work, was not 
successful, but it yielded cores of the Lias,e-zone oil shales. There was no evidence that 
the Molasse oil impregnations were derived from these oil shales. 

Six borings were made in the Passau district but found no oil or gas of commercial 
value. It is probable that this part of the basin is too shallow, and search should be 
made in deeper sections. 

The sediments filling the Molasse basin are very complex in type and distribution, 
and the detailed stratigraphy of the German part is not well known. The palwonto- 
logy, especially of the micro-fauna, must be brought up to date and the region mapped 
in detail in order that its stratigraphical history and tectonic phases may be properly 
understood, Like other foredeeps, the Molasse basin is a very unsymmetrical strue- 
ture. A rigid foreland subsided step by step in the south and formed a trough, the 
deepest part of which is immediately in front of the Alps and exceeds 3000 m in depth. 
Such structures are not uncommon-——cf East Venezuela with a similar form and fault 
pattern. In considering oil possibilities, the Molasse basin should be viewed as one 
sedimentation unit throughout which there may be Oligocene source rocks. Ex- 
haustive search will be needed to find commercial oil, if it is present, and fault-zone 
and stratigraphical traps should be considered as well as anticlines. 8. E. C. 


$1. The occurrence of pyrrhotite in sedimentary rocks. K. Hoffmann. Erddl u. 
Kohle, 1948, 1 (7/8), 231-2.—Records of pyrrhotite in German sedimentary rocks are 
rare, but it has been found by the author in borehole samples from the Tertiary of 
Holstein and from the Lower and Middle Lias of Wisloh, Edesse, Hanigsen, Ubstadt i. 
Baden, ete. Observations on modern sediments show that micro-organisms cause 
precipitation of iron sulphide as a gel (Hydrotroilite = FeS -+- aq.). Excess of sulphur 
in the sediment causes the hydrotroilite to change first to Melnikovite, a gel form of 
the double iron sulphide, and then to crystalline pyrite or marcasite. In sediments 
rich in organic matter which yields H,S on putrefaction, pyrite or marcasite always 
forms. Pyrrhotite tends to occur in sediments where there has been an absence of 
life. 8. E. 


32. Petroleum in Schleswig-Holstein. W. Schott. Erdédl u. Kohle, 1948, 1 (7/8), 
221-31.—Oil-impregnated sand was found near Hemmingstedt in 1859, and a little 
later oil-impregnated chalk was found at Heide. A drilling campaign, attended by 
little economic success, culminated in mining operations at Heide in 1919-21. It was 
not until 1935, after Schleswig-Holstein was surveyed geophysically apd the area 
between Heide and Meldorf specially examined, that the first successful location in the 
Heide field was made. The history of the Reitbrook field followed a similar course 
between the discovery of the Neuengamme gas well in 1910 and the coming-in of 
Reitbrook No. | in 1937. 

The Rotliegendes, in which there are thick salt beds, are the oldest sediments yet 
found in Schleswig-Holstein. They are succeeded by Zechstein, again with salt beds, 
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and then a further 6000 ft of sediments ranging in age from Bunter to Quaternary. 
As a result of tectonic movements at various geological periods, these sediments are 
broken into large units, and the Rotliegendes and Zechstein salt has been squeezed up, 
in the form of salt plugs and salt horsts, through the overlying sediments which were 
frequently arched in the process. The salt structures mostly follow a Rhenish trend ; 
movement started not later than in the Kimmeridge, but the present form dates mainly 
from the Tertiary. 

The Reitbrook field is associated with a round salt plug which has lifted the main 
reservoir rock from a depth of 2000 m to 675 m at its highest point. The strata above 
the salt are cracked and broken into a great number of small fault blocks. Oil has 
migrated up the fault planes and accumulated in the fissured limestone of the Reit- 
brook Beds (topmost Senonian), which are capped by Palwocene clays. 

Both Rotliegendes and Zechstein salt take part in the long line of salt uplift at 
Heide. In places the two are in normal association (e.g., Lieth), and in others the 
Rotliegendes is folded over the Zechstein (e.g., Rickelshof). The overlying, uncon- 
formable, Cretaceous and Tertiary strata have been broken by the uplift, and there are 
considerable variations in detailed structures in the associated fields. Oil is found in the 
Zechstein and the Cretaceous. 

The total production to the end of 1947 was 1,122,398 tons from Reitbrook and 
1,159,692 tons from Heide, the total amounts of drilling being 157,000 m and 277,000 m 
respectively. An appreciable expansion of the gas cap at Reitbrook has been observed. 

Other productive structures in Schleswig-Holstein can be expected, the most favour- 
able being the long lines of salt uplift in the west and the structures in the “* Hamburger 
Loch.” In both areas there was considerable Tertiary deposition. 8S. E. C. 


33. Promising gas field opened west of Schoonebeek area. Anon. World Oil, May 
1949, 129 (1), 239.—A well west of the Schoonebeek field and on the same east-west 
structure was drilled to 9137 ft, where it found gas in fractured Permian limestone. 
On test the well showed a good potential. G. D. H. 


84. On the palaeogeography of the Korallenoolith. ©. Seitz. Hrdél u. Kohle, 1949, 
2 (1), 1-4.—The profiles from the flanks of salt-stocks are commonly incomplete 
because of breaks in sedimentation, tectonic causes, etc. Extensive drilling is rarely 
done in the deep-lying zones between the salt structures, but twenty-six borings were 
put down between the salt-stocks of Gifhorn, Weyhausen, Ehra, and Vorhop, and so 
the facies could be studied over a wide area. From the lithology and composition of 
the oolitic iron-ore series of the Corallian, relationships between hydro-dynamic and 
tectonic processes are postulated. They suggest that the Gifhorn syncline reached 
much farther north than was thought and that there was a connexion between it and 
the Baltic over the Pompeckj ridge. 8. E. C. 


35. Zoning and palaeogeography of the Tertiary in the region Celle-Gifhorn-Ulzen. 
H. Fahrion. L£rddi u. Kohle, 1949, 2 (9), 381-6.—The area discussed was near the 
southeast shore of the Tertiary sea, and the Tertiary sediments are characterized by 
transgressions, facies changes, etc. Some of these variations are local and due to salt 
uplift. The Tertiary profiles at Wesendorf, Nienhagen, and Bodenteich have been 
examined in detail, use being made of electric logs as well as normal geological methods. 
It is concluded that salt movement of varying intensity occurred throughout the 
Tertiary, so that even the Miocene, the youngest pre-Diluvium strata in the region, 
was penetrated. The Oligocene and Miocene have been extensively eroded, and details 
of their history are obscure. Zoning of the Eocene is possible, however, and local as 
well as regional changes in deposition have been traced. The Paleocene is represented 
by purely marine facies in the north and west, but in the southwest there is inter- 
fingering of marine and littoral facies. 8S. E. C. 


36. The W. Alpine Molasse trough. M. Richter. Erddél u. Kohle, 1948, 1 (12), 341- 
51.—The Molasse was deposited with general uniformity in origin, facies, and palwonto- 
logical characteristics in the Alpine foredeep extending from France to the Vienna 
basin. The present paper is concerned with the part between Lakes Geneva and 
Constance, and is based on the latest Swiss work. 

The stratigraphy, ranging from the pre-Molasse, Eocene beds to the post-Molasse, 
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Pliocene, is described in some detail. The Molasse sediments, which include the great 
detrital fans (Nagelfluh) of the Oligocene and Miocene, were derived almost entirely 
from the Alpine mass, and thus the greatest contrast is seen between the north and 
south sides of the trough. There is overlap of the Molasse on the Jura in the north, 
but in the south the Molasse itself is covered by Alpine overthrust. The total thick- 
ness of the Molasse as a whole cannot be given because of the rapid changes not only 
to the north but also along the strike. In individual areas it ranges from 2500 to 
6000 m. 

Movements were taking place during the formation of the Molasse trough, and its 
axis moved stepwise to the north as the Mesozoic platform sank. Folding of the whole 
last occurred in or at the end of the Upper Sarmatian. The Molasse of the whole of 
the inner, subalpine zone has been sheared from the beds below and thrust to the 
north. The part remaining in the south has been covered for a distance of 30 km by 
overthrusts from the Alps. 8. E. C. 


37. The search for oil in Switzerland. J. Kopp. Erddl u. Kohle, 1948 1 (3), 99-102; 
World Oil, May 1949, 129 (1), 226.—Oil indications are common in Switzerland. There 
is petroliferous sandstone in the Molasse basin between Geneva and Aarau; natural- 
gas seepages in tunnels and lakes in the subalpine zone and east of Langensee ; and oil- 
sands and asphalt beds in the west of the folded Jura. Oil-sand mining commenced 
in Canton Geneva at the beginning of the nineteenth century, and prospecting and 
drilling has, with some interruptions, gone on since 1912. The work of a commission 
of petroleum experts has clarified the stratigraphy and tectonics of the Molasse of 
Switzerland. Geophysical surveys, especially seismic, will be necessary, however, to 
discover structural conditions at depth, and this must be a preliminary to exploratory 
drilling for oil. 

Of the prospective Swiss areas, the Molasse of Canton Geneva has been most in- 
vestigated. Lenticular oil-sands have been found in the Chattian, and 20 m of oil- 
impregnated sandstone were met in a borehole at Peissy. The oil content was low, 
but better results might be expected at depths of 500-800 m in the middle of the basin, 
south of the Rhone. Origin of the Molasse oil is controversial. There is likewise no 
agreement on the origin of the asphalt deposits in the Cretaceous, Malm, and Dogyer, 
both Mesozoic and Tertiary oil deposits having been postulated as sources. The 
various natural-gas occurrences have not been traced to their source. 

Results already obtained appear to justify further exploratory drilling. Previous 
boreholes were wrongly located or lacked proper technical control. ‘The best locations 
have not been drilled, and co-operation with the Germans in Bavaria and Wurttemberg 
would be of great advantage to both sides. 8. E. C. 


38. High potential indicated for new well in Egypt. Anon. World Oil, 1.2.49, 128 (10), 
216.—The fifth well in the Sudr field flowed at 38,400 b.d. on short tests. It is 3427 ft 
deep, 800 ft deeper than the original Miocene pay, and produces from the Eocene. 


G. D. H. 


39. New oil law restricts Egyptian operations. Anon. World Oil, Apr. 1949, 128 (13), 
221.—Because of restrictive conditions in the new oil law the Standard Oil Company 
of Egypt is suspending operations, even though it found oil at Wadi Feran, 155 miles 
south of Suez. The well is variously reported to have tested 150-3000 b.d. 

Ras Gharib gave 9,295,000 brl in 1948, Hurghada 345,000 brl, and Sudr 3,494,000 
bri. An outpost of the Asl area has given 1615 b.d. on test with a ye-in choke. At 
Asl production is mainly from Eocene limestone below an unconformity at 3300 
3900 ft. 

Two wells bave been drilled at Ras Matarma, and these give 18° oil from a Miocene 
sand. 

The principal provisions of the new law are set out. Q@. DB. 


40. Pakistan field development indicates increased output. Anon. World Oil, 1.2.49, 
128 (10), 218.-—The third well at Balkassar produced from the Sakesar limestone. A 
well on a broad anticlinal fold 35 miles northwest of Hyderabad is drilling at 3300 ft, 
and has penetrated very hard limestone and basalt in the Paleocene. G. D. H. 
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Geophysics and Geochemical Prospecting. 


41. Geologic implications of aeromagnetic survey of Clearfield-Philipsburg area, 
Pennsylvania. H.R. Joestine, F. Keller, Jr., and Elizabeth King. Bull. Amer. Ass. 
Petrol. Geol., 1949, 33, 1747-66.—An aeromagnetic survey of a 1785 square-mile area 
in central Pennsylvania, showed major magnetic features which are believed to reflect 
inhomogeneities in a geologically complex basement, rather than irregularities of the 
basement surface. The basement stfuctural trends appear to diverge from the surface 
structure, and the basement surface is not deformed concordantly with the highly 
folded Paleozoic rocks. 

Depth estimates place the basement 19,000-22,000 ft beneath the surface in the 
west-central part of the area, which is in good agreement with estimates based on 
geologic considerations. E. N. T. 


42. Future tasks for geophysics in N.W. Germany. H. Reich. Erddl u. Kohle, 1948, 
1 (1), 16-19.—The regional and detailed geophysical surveys and the results of the 
intensive drilling carried out since 1935 provide the basis for future work. This must 
be guided by geological discoveries, the most important of which appear to be the 
tectonic and stratigraphic relationships, especially in the Jurassic and Lower 
Cretaceous, which are not apparent from surface structure. 

The accumulated data on gravity anomalies need systematic investigation, a task 
already started in Schleswig-Holstein and Hanover. The aim is the separation of the 
effect due to the sediments from that due to the basement complex and in this work 
the torsion balance and gravimeter are more or less complementary. Accurate data on 
rock densities are necessary, and wartime losses of bore-hole samples must be made 
good. 

The variometer survey shows an interesting connexion between magnetic anomalies 
and basic massifs and, indirectly, sedimentary tectonics. Additional surveys should 
be made and these relationships clarified. In certain cases susceptibility differences 
may be sufficient to predict surface structures. 

Kimmeridgian tectonics obscured by apparently undisturbed surface beds usually 
need reflection-seismic as well as gravitational methods for their elucidation. Other 
applications of reflection methods are the investigation of the flanks of salt stocks, the 
deep structures between high-rising diapirs, the Mesozoic structures outside the true 
salt stocks and Carboniferous tectonics. Refraction methods will also play a part, 
because, unlike reflection, they give information on the physical properties of the rock. 
Valuable information on parts of the crust not explored by ordinary methods, the 
Gifhorn trough, for example, can be obtained from heavy, distant explosions such as 
the Heligoland demolitions. There may be a close relationship between oil occurrences 
and these old structures and their investigation is essential, but it should be possible 
to plan the shots so that much smaller quantities of explosive will suffice. 

More practical work with the Schlumberger and Migaux telluric-current method of 
surveying is needed, because, unlike other electrical methods, this can reach great 
depths. y-Ray and neutron surveys in cased boreholes have not yet been made in 
Germany. Their important use in picking out productive horizons which have been 


drilled through unnoticed is of not such value in Germany as in the older American 
fields. 8. E. C. 


43. Geophysical problems in the Danubian districts of Bavaria and Swabia. H. Reich. 
Erdél u. Kohle, 1949, 2 (3), 81-7.—In addition to a considerable network of magnetic 
stations in Wurttemberg and Bavaria, sufficient gravitational and seismic surveys 
have been made to form a frame on which future work can be built. The gravity 
picture and the variations in magnetic intensity are controlled primarily by very deep 
geologic units, so that the tectonics of the sediments must be investigated mainly by 
seismic methods. Valuable pointers to methods have been obtained during work in 
the Ries, the evaluation of later impulses by refraction being especially noteworthy. 
The experience of Wolff in Leutkirch with reflection methods demonstrates the need 
to seek and follow very deep reflecting surfaces. 8S. E. C. 


44. Can resistivity method discover oil directly? Part1. H.Guyod. World Oil, Apr. 
1949, 128 (13), 69.—The vertical method of resistivity surveying which takes in varying 
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volumes of rock has the greater resolving power. In this method the electrode separa- 
tions are relatively large, and direct current is used in order to avoid the skin-effect. 
It is apparent that the greater the resistivity contrast and the thickness contrast of a 
bed the greater are the chances of its detection. The product of these two factors is 


R-1 
the contrast number K = [ R 4 hd , where R is the bed resistivity, R, the resistivity 


of the surrounding formation, 7' the thickness, and D, the depth to the top of 
the bed. Analysis shows that the depth-resistivity curves are dependent on the 
contrast number only provided that the thickness contrast is not too great and the 
resistivity contrast not too small. The hump on the curves increases as the contrast 
number increases, but the hump value is at approximately a fixed point. It is inferred 
that for an overall accuracy of 10% for the resistivity measurements only beds with 
a hump ordinate exceeding 1-1 (apparent resistivity contrast) can be detected, e.g., 
at 3000 ft a 30-ft bed must have a resistivity twenty times greater than the resistivity 
of the enclosing beds. Although the last condition is frequently fulfilled, other factors 
must be considered in evaluating the method. G.'D. Hi. 


45. Can resistivity method discover oil directly? Part 2. H. Guyod. World Oil, 
May 1949, 129 (1), 73.—When the oil reservoir is of finite lateral extent the depth- 
resistivity curve has a lower peak than for the infinite reservoir. 

Because of the instability of electrode potentials it is not practicable to use electrode 
spacings greater than about 25,000 ft. Since the spacing must be about seven times 
the bed depth in order to define the hump on the depth-resistivity curve it is therefore 
not practicable to apply the method when the bed is deeper than about 3500 ft. Small 
topographic irregularities and variations in the formation resistivities can be tolerated, 
but these reduce the sensitivity of the method. A table gives the relationship between 
bed thickness, depth, and resistivity contrast for the method to be capable of use. 
An example is worked out to illustrate the use of the method. 

In practice depth-resistivity curves frequently differ from the ideal forms discussed, 
because resistive horizons—~freshwater beds, dense limestone, etc.---may occur above 
or below an oil horizon, leading to complex curves from which the resistivity distribu- 
tion cannot usually be calculated. Even if the resistivity distribution could be ascer- 
tained this would require to be considered geologically. Hence it is concluded that 
surface-resistivity measurements cannot locate oil accumulations directly. This 
conclusion also applies to alternating current of low frequency with a wave of square 
form. It is also probable that the same difficulties will be found in attempts to apply 
electro-magnetic waves to locate oil. G. D. i. 


46. The consideration of refraction in reflection seismics. T. Krey. Hrdol u. Kohle, 
1949, 2 (7), 273-7.—The results of reflection-seismic work are based on the assumption 
of straight reflected rays, but more rigid treatment shows that in many cases an incor- 
rect or inadequate picture is obtained if refraction is neglected. The mathematical 
treatment of the probiem is outlined and some examples worked out to show the order 
of error involved. 8S. E. C. 


47. Correlation of seismic events with geological horizons. N. Clayton. World Oil, 
May 1949, 129 (1), 66.—A number of cases are noted, and illustrated by Schlumberger 
logs and seismic records, in which seismic reflections can be correlated with geological 
horizons. 

Changes in thickness or lithology for a reflecting horizon may alter the shape of a 
*‘ pulse ’’ and make correlation difficult. A series of alternating sands and shales may 
give a composite “ pulse "’ which changes in character over an area. Most limestones 
are good reflectors, but sands give weak events. As a rule, the average velocity to a 
geological horizon on a seismic record is lower than is revealed by a well survey. 
Instrumental and other factors operate so as to render strict correlation of events and 
geology difficult in some instances. G. D. Bt. 


48. A slide rule for levelling corrections for the torsion balance. F. Breyer. Hrddl u. 
Kohle, 1948, 1 (3), 107-9.—-Levelling to a distance of 70 m in eight directions around a 
station involves ninety-six levels, each of which figures in both gradient and curvature 
calculations. This work for eight stations will keep an experienced technician fully 
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occupied for a day. To shorten the work and enable less highly qualified men to be 
employed, a special form of slide rule, some details of the design of which are given, 
was made. S. E. C. 


49. Determination of elastic constants of rocks by ultra-sonic methods. K. Bacher. 
Erdél u. Kohle, 1949, 2 (4), 125-7.—Ultra-sonic waves were generated by a quartz 
oscillator fixed in a xylol-filled case. A 3 mm thick slice of rock was mounted so that 
it could be rotated in front of the oscillator, and the effect of this on longitudinal and 
transverse waves was detected by observation of the Debye deflection of a beam of 
light passed through the xylol. It was found, for most of the rocks examined, that 
longitudinal velocities of waves of ultra-sonic frequency are slightly higher than for 
those of seismic frequency. 8. E. C. 


Drilling. 


50. A new apparatus for measuring the inclination of boreholes. H. J. Fabian and 
W.M. Ratib. L£rdél u. Kohle, 1949, 2 (9), 387-9.—-Recording in the Multiplex inclino- 
meter is effected by a float which, on rising as the float chamber fills, first lifts a compass 
needle against a paper dise and then lifts a second dise against a pendulum. The 
compass can be omitted if desired. The equipment is duplicated so that two records 
can be obtained with one instrument. Timing is controlled by the rate of flow of oil 
into the float chambers. The Multiplex can be run on a wire line or passed through 
full-hole drill pipe. 8. E. C. 


51. Plugging-back and deflection of boreholes. E. Nebe. rddl u. Kohle, 1949, 2 (6), 
225-9.—The two main reasons for plugging-back and deflecting boreholes are non- 
attainment of objectives and unsuccessful fishing. The choice of the point at which 
deflection is to start should be guided largely by the lithology of the borehole section. 
In soft rocks the cement bridge is usually formed by 120-130 ft of cement placed on 
top of the plug. The topmost 30-40 ft of this is frequently contaminated with mud, 
and should be removed. The type of cement employed varies with borehole conditions, 
and special cements must be used when working in salt. 

The choice of equipment and methods depends on the problem, and a number of 
common cases are described and suitable treatment for them discussed. 5. E. C. 


52. Sound proof derricks. J.C. Albright. Petrol. Engr, Sept. 1949, 21 (10), B-76.— 
Derricks may be sound-proofed by blanketing, the blankets consist of two sheets of 
tarpaulin with a thick layer of rock wool quilted and stitched. Sets are made for 
certain sizes of derricks. The blankets are flame-proof and not damaged by mud or 
oil. Improved lighting is necessary on a blanketed derrick. C..G. W. 


58. Submersible drilling barge. L.S. MeCaslin. Oil Gas J., 20.10.49, 48 (24), 110.— 

The barge is for operations in up to 10 ft of water, and can be adapted for deeper water. 

The 136-ft derrick is capable of drilling to 15,000 ft. Details of equipment are given. 
C. G. W. 


54. Structure and chemical control of drilling muds. A. W. McCray. Petrol. Engr, 
Oct. 1949, 21 (11), B-45.—Drilling muds are suspensions of small clay particles in 
water. The particles generally carry electrical charges which are responsible for the 
properties of the drilling mud. The electrical charges cause mutual interference of 
particles, and thus affect the viscosity, and under static conditions, cause re-orienta- 
tion of particles to form a gel structure which is broken down when the mud is agitated. 
When suspended in a media containing ions, adsorption of the ions on to the charged 
particle tends to occur. Since the properties of a suspension are particularly susceptible 
to charges in the electrical forces between particles, a change in the associated ions 
produces a considerable change in properties. The chem control and treatment of 
drilling muds is almost entirely dependent on this effect of charging ions or the con- 
centration of ions. Principles of chem treatment are: (1) substitute favourable for 
unfavourable ions on the slag; (2) reduce the effectiveness of a contaminant; (3) 
dilute a contaminant ; (4) remove contaminant ; (5) add auxiliary colloid unaffected by 
contaminants. 
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In determining the effectiveness of additives on drilling muds, pilot tests can be very 
valuable, particularly since calculation of treatments are difficult and unreliable. 
Classification of muds is briefly discussed. C. G. W. 


55. Measurement of the gas content of drilling mud. K. Weber. Erdol u. Kohle, 1949, 
2 (5), 175-8.—-Three methods for the automatic recording of the gas content of mud 
have been developed. The simplest, which is suitable for concentrations down to 
1:10°*, is designed to take mud samples at regular intervals. They are then degassed 
and the inflammable gas content measured by the rise in temperature resulting from 
catalytic combustion. The second method gives automatic recording of the heat 
conductivity of the gas, but interpretation is difficult if gases other than methane are 
present. For this reason a method restricted to the measurement of hydrocarbons only 
is advisable, and the automatic Orsat apparatus serves this purpose. Recently there 
has been developed apparatus driven by compressed air and coupled with an acoustic- 
optical warning system which comes into operation when a predetermined concen- 
tration is exceeded. 8. E. C. 


56. Selecting the drill stem. S. Moore and B. Scharbarum. Oi! Gas J., 13.10.49, 48 
(23), 105.-—As greater attention is being paid to the economics of drilling, methods of 
decreasing loads on drilling equipment, or of increasing the depth capacity, are of 
great interest. A relation exists between available rig horsepower, drill-stem size, and 
depth and dia of hole to be drilled. Power is necessary for hoisting drill stem out of 
the hole and for circulating drilling fluid. The mechanical problem of providing 
power for hoisting the drill stem is only slightly affected by changing the drill-stem 
specification. 

About 65°, or more of rig power is spent in circulating drilling fluid, and at the 
present time about 80-90%, of pressure losses are due to losses in the drill stem. If 
jet drilling is to be used effectively, these losses must be cut down. It is estimated 
that energy required in normal drilling can be cut by 30-40% by reducing pressure 
losses. 

It is concluded that; (1) if the depth rating of the rig is established as ten times the 
horsepower rating, power will be adequate for hoisting purposes independent of drill- 
stem size; (2) drill stem should be selected on considerations of hydraulic character- 
istics, size of tool joints, and drill collars as related to well-bore sizes. 

References are appended. 


57. Hydraulic torque converters and fluid couplings for oil field machinery. H. A. 
Davis. Petrol. Engr, Sept. 1949, 21 (10), B-94.—-There are two distinct types of 
hydraulic drive: (1) positive displacement or hydrostatic unit depending on fluid 
pressure to transmit power; (2) the turbo or hydro-kinetic unit depending on fluid 
velocity for power transmission. 

The paper deals with the second type. The two fundamental forms of hydro- 
kinetic units are the fluid coupling and the torque converter. The coupling consists 
of an impeller and runner, while the converter has three parts ; an impeller, a runner 
or turbine, and a reaction member attached to the housing. The simplest hydro- 
kinetic unit is the traction coupling, which is a constant-speed coupling. Advantages 
of the coupling are, protection against torsional vibrations, and against shock loads, 
prevention of engine stall and shock when the driven unit stalls, and provision of 
means of starting heavy loads. 

Simple variable-speed and torque couplings are obtained by varying the quantity 
of oil in the working annulus. With such an arrangement, the load can be completely 
disconnected from the engine. When operating with a speed variation in the coupling, 
the oil must be cooled continuously. 

In the sphere of torque converters, torque multiplication is made possible by the 
presence of reaction members. Commercial applications of the principle are the 
Schneider and Lysholm-Smith converters. Cc. G. W. 


58. Hydraulic torque converters and fluid couplings for oil field machinery. H. A. 
Davis. Petrol. Engr, Oct. 1949, 21 (11), B-67.—The applications of hydraulic traction 
couplings and scoop-tube couplings are illustrated by examples. 

Traction hydraulic couplings are valuable when: (1) crit torsional vibrations are to 
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be dampened ; (2) shock loads are to be absorbed ; (3) it is essential to avoid stalling 
of prime mover; (4) providing for synchronization of two electric motors within the 
allowable slip range. 

Advantages of scoop tubes are :— 


(1) Engine may be started and brought up to speed as against no load, by 
draining the coupling of fluid. The coupling then acts as a cut-off clutch. 

(2) The load can be started smoothly with the engine at full speed. 

(3) By varying the slip or fill two or more slush pumps may be compounded in 
series or parallel. 

(4) Coupling operates continuously with an efficiency of 96-97%. 


C. G. W. 


59. Drilling for heat in Iceland. G. Bodvarsson. Oil Gas J., 22.9.49, 48 (20), 191.— 
An account is given of drilling for steam and hot water in Iceland. Exploratory wells 
have been drilled to 1000 ft using core drilling machinery with diamond and steel shot 
bits. The need for deep, bigger dia, cased holes is emphasized. There are many 
potential “ heat ”’ fields in the country capable of giving steam at a cost of from 2 to 
4 cents per 1000 lb. Production mechanics, field development, and the country’s 
geology are described. C. G. W. 


60. Jacket-type pile foundations. M. B. Willey. Oi! Gas J., 29.9.49, 48 (21), 76.— 
Jacket-type pile foundations consist of prefabricated tubular structures which carry 
the derrick and engine platforms. The prefabricated structures or jackets are set in 
position and piles driven through the tubular uprights. The structures are then 
welded to the piling. This method has been widely used for offshore drilling, but has 
a wide potential application to drilling in marsh lands. Advantages are : (1) practically 
100% salvage value; (2) reduced time and cost in erection, salvage, and re-erection ; 
(3) faster drilling time due to greater rigidity as compared with conventional wood 
piling. Cc. G. W. 


61. Ground plastic used in combating lost circulation. D. H. Stormont. O// Gas J., 
1.9.49, 48 (17), 51.—The effect of plastic in combating lost circulation is purely 
mechanical. The plastic particles form a base on which a mud sheath can be built up. 
The plastic has a sp. gr. of 1:2 and consists of angular particles. It is supplied in 
grades up to 4$-in dia, the grade used depending on the extent of lost circulation. 
Before using the plastic the depth of the thief zone is determined by a Spinner survey. 
This instrument consists of a freely rotating propeller, the rotation of which is recorded 
by an electrical counting machine. The propeller is rotated by the flow of drilling 
mud past the instrument assembly and points of mud loss are readily detected. 

The plastic is mixed with the mud, grade and volume being determined by the mud 
loss and depth, the mixture pumped till the annulus is full and pressure then applied 
to the fluid column. If circulation is not restored, further batches are run as necessary. 

Examples of the successful application of the method are described. Cc. G. W. 


62. Record-breaking well. L.S. McCaslin. Oil Gas J., 8.1.49, 48 (18), 58.—This well, 
drilled 25 miles south of New Orleans, registered a flowing tubing pressure of 7900 p.s.i., 
flowing 157 brl of 38° A.P.I. crude per 24 hr on a g-in choke. Cale original bottom. 
hole pressure was 12,635 p.s.i. at 13,000 ft. Drilling was normal to 13,050 ft. At 
this depth, the well came in, when the drilling string was pulled. Pressure built up to 
6500 p.s.i. 18 lb mud was pumped into the drill pipe, and fluid was bled off from the 
casing. Casing pressure fell to 3700 p.s.i., and the well made 5 bri of 56° A.P.1. water- 
white distillate and 45 brl of dark-green 40° crude. On production the well gives 38” 
light-green crude. After regaining circulation a 5-in liner of 18 lb N-80 casing was run 
and squeeze cemented top and bottom at 12,940 ft. The hole was then cleared out to 
original depth using 18-8 lb mud. Tubing was tested to 11,300 p.s.i. before running, 
and a 15,000-lb tree was used. C.G. W. 


63. Fast drilling rate. D. H. Stormont. Oil Gas J., 22.9.49, 48 (20), 161.—In the 
Gulf Coast area a drilling rate of 2500 ft per day was achieved with turbine drilling, 
normal footage with rotary equipment being about 1000 ft per day. This rate was 
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achieved when drilling at only 40% capacity. This operation was the third field test 
on turbine drilling. 

A 10}-in turbine drill is designed to deliver 312 h.p. to the bit at the full-rated fluid 
input of 900 g.p.m. The drill consists of a 90-stage axial-flow hydraulic turbine 
driving the bit without reduction gears. ‘The tool measures 30 ft in length and weighs 
8000 Ib with subs added. 

Penetration rates are analysed and tabulated, and details of the operation described. 

G. W. 


64. The balanced rotary rig. ©. H. Osberg. Oi! Gas J., 13.10.49, 48 (23), 109.—The 
two major functions of a drilling rig are; (1) rotating drill pipe and circulating drilling 
fluid; (2) hoisting and lowering pipe. ; 

The first problem of balancing a rig is in establishing the distribution of horsepower 
to suit certain conditions. The factors involved in determining power requirements 
are analysed. The factors to be considered in selecting and designing all the necessary 
components of the rig are discussed. In the selection of hoisting, and derrick equip- 
ment, the working strength of wire line used is a critical factor. 

References are appended. C. GoW. 


65. Power measurements on rotary rigs. G.Kiihne. Erdédl wu. Kohle, 2 (8), 333-44. 
~—-A detailed analysis was mede of the power consumption and losses in various parts 
of a rotary rig, data being obtained from nine different electrically driven outfits. It 
was found that a large proportion of the energy was consumed by friction between 
drill-pipe and borehole walls and by the passage of the mud. In an investigation of 
the effect of a kink in the borehole on power requirements, it was discovered that, for 
a given drilling rate, a greater torque may be needed with low bit pressures than with 
high. 8S. E. C. 


86. Progress in rotary drilling equipment. \W. Miller. Hriddl u. Kohle, 1949, 2 (1), 
1-4.—Recent developments in American drilling equipment and methods are reviewed 
and German deficiencies noted. S. E. C. 


67. Warning device for excessive wear on bit. K. A. Schiitte. Erdél u. Kohle, 1949, 
2 (7), 277-8.—-Excessive wear on a drilling bit opens additional mud ports, and this 
results in freer flow of mud with a consequent drop in pump pressure. The pressure 
drop is the signal to pull out. 8. E. C. 


Production. 


68. Suitcase laboratory : highly portable equipment capable of complete core analysis. 
L. 8. MeCaslin, Jr. Oil Gas J., 22.9.49, 48 (20), 171.—Standard core-testing apparatus 
has now been modified so that a complete test outfit can be packed into five containers, 
total weight 250 Ib. The units are easily transportable. Equipment consists of 
permeability apparatus, porosimeter, retorts and still, grinder, diamond saw and 
diamond bit, and miscellaneous equipment. About 3} kW are necessary to run 
apparatus involved. C. G. W. 


69. Corrosion control. FE. N. Jones. Oil Gas J., 15.9.49, 48 (19), 107.—A serious 
corrosion problem which had not been solved by the use of alkalis or chromates was 
attacked by adding a semi-polar organic reagent into the casing annulus, allowing the 
reagent to travel to bottom and return to surface through the tubing. The chemical 
should selectively wet the steel on the inside of the tubing, thus preventing attack by 
corrosive compounds. Such a chemical, known as Kontol 115, was tried on five 
wells. The chemical was injected using a modified drip lubrication. Corrosion was 
measured by means of test coupons inserted in the gas lines and by measuring the iron 
content of the produced water. Other compounds, Kontol 116, 117, and 118, were 
also tried, 118 being the most satisfactory. 

Very good corrosion control at quite low cost can be obtained by the use of these 
additives. Cc. G. W. 


70. Corrosion inhibitors for secondary flood waters. E. T. Heck, J. K. Barton, and 
W. E. Howell. Oil Gas J., 8.9.49, 48 (18), 83.—In secondary recovery by water 
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flooding, production is affected by the type of water used, maintenance of pipe dis- 
tribution system, and the condition of the water. In an extension of earlier work on 
corrosion inhibitors it was decided to carry out field tests on three additives—a water- 
soluble salt of a modified rosin amine; Pur-O-San—a quaternary ammonium salt ; 
and Arquod 8, a soyabean trimethyl ammonium chloride in paste form. The inhibitor 
is dissolved in a cale amount of water in a stock-solution tank. A chemical feed pump 
delivers the solution into the main water-supply line on the intake side of the high- 
pressure pumps. Steel test coupons for measuring corrosion are installed: (1) on the 
discharge of the water-supply filter; (2) on the discharge side of the pump some feet 
from the point of inhibitor feed; (3) in a by-pass at the end of one of the water- 
distribution lines. Corrosion loss in untreated water is considered as 100°, and the 
relative values for inhibitors are cale in terms of % protection. Details of results on 
a number of leases are given. 

It is concluded : (1) all three materials give satisfactory control of organic growth ; 
(2) the rosin amine compound is effective in the presence of hydrogen sulphide and in 
the presence of oxygen, but not to the same extent as in oxygen-free water; (3) with 
inhibitors, turbidity was considerably decreased, particularly where H,S was present 
in the water. Cc. G. W. 


71. Connate water in oil reservoir rocks. W. Riihl. Erdél u. Kohle, 1949, 2 (8), 325- 
33.—The problems of connate water in oil-reservoir rocks are discussed, and data 
from American literature quoted. These are compared with measurements made 01 
Wealden oilsand from Wietze and oil-saturated chalk from Heide, samples in both 
cases being obtained from mines and therefore unaffected by drilling tools and mud. 
There is not full agreement between the concepts developed in the laboratory and the 
data from Wietze and Heide, and it is suggested that in practice an additional factor, 
time, which does not figure in laboratory experiments, must be taken into account. 
8. E. C. 


72. Technical problems associated with the injection of flue gas in oil reservoirs. F. ! : 
Mehlhorn. Erddl u. Kohle, 1948, 1 (2), 70-3.—Flue gas from boilers burning dry, 
natural gas has been injected into the reservoir rock of a large oilfield. Its solubility 
in crude oil is only 40% of that of natural gas, but no sign of ill effects on the reservoir 
has been noted after four years’ use, although at the beginning there was trouble due 
to corrosion in the compressor. The composition of the gas was 3-5% oxygen, 8-10% 
carbon dioxide, and the remainder nitrogen. It was compressed to 80 atm in a three- 
stage compressor, and severe corrosion in the third stage was noted after fourteen days. 
This was due to the formation of nitric acid and was cured by installing drying plant i 
between the first and second stages, the condensate from the first stage showing only $ 
traces of acid. Experiments with various methods of neutralization were also made. 
The plant is described. 8. E. C. 


78. Plastic tubing for water disposal wells. Anon. Petrol. Engr, Oct. 1949, 21 (11), 
B-76.—Plastic pipe is generally unaffected by dilute acids and alkalis and organic 
compounds. The pipe may be used for leads, lines or for well tubing and can be handled ; 
with standard tools (slips, elevators, chain tongs, ete.). Cc. G. W. f 


74. Petroleum-engineering study of the New Hope oilfield, Franklin County, Tex. 
C, B. Carpenter, K. F. Andersen, and A. B. Cook. U.S. Bur. Mines, Rep. Invest. 4594, 
Sept. 1949. Pp. 88.—-The New Hope field presented many problems in petroleum 
engineering, the solution of which is believed to have doubled ultimate recovery. 
A productive area of 4950 acres has been delineated by sixty-four wells, the four oil- 
bearing reservoirs in the Lower Cretaceous being at 7300-8100 ft. Three reservoirs 
are of solution gas-drive type, and the other of water-drive type. Porosities range 
from 10 to 18%, and permeabilities from 17 to 297 mD. The various aspects and 
esults of this study are accompanied by twenty-eight tables and thirty-nine figures. 
G.8. 


75. Unitization and pressure maintenance at Longville. W. L. Horner. Oil Gas J., 
1.9.49, 48 (17), 47.—Original bottom-hole pressure in the field was 3631 p.s.i.. After 
producing 976,00 bri the pressure fell to 2746 p.s.i. Water injection raised the 
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pressure to 2771 p.s.i. and also resulted in reduced gas-oil ratios. Procedures adopted 
in unitization work are summarized as follows: (1) assembly of all well and reservoir 
data; (2) assembly of ownership data; (3) reservoir engineering studies ; (4) produc- 
tion engineering and equipment studies; (5) economic balances for alternative pro- 
ducing plans; (6) discussion among lessees, with state regulatory body, and royalty 
owners; (7) formal hearing before state regulatory body. c. G. 'W. 


76. Producing equipment for 7900 p.s.i. well. L.S. McCaslin. Oi] Gas J., 29.9.49, 
48 (21), 68.—Gulf Oil’s Perry No. | has a flowing tubing pressure of 7900 p.s.i. making 
64-5 bri of condensate and 7659 M.c.f. of gas per day. The gas passes through a 
15,000 p.s.i. test positive choke to an indirect heater. Chokes and a reducing regulator 
bring the pressure down to 810 p.s.i. After passing through a combination horizontal 
separator and water knockout, condensate goes to storage, while the gas passes through 
a heater and thence to a gas-transmission line. Cc. G. W. 


77. Annular safety valve. J. M. Clark. Petrol. Engr, Sept. 1949, 21 (10), B-61.— 
Dually completed wells are considered more hazardous than single completions. 
Single completions are best protected by a subsurface safety valve, and a type of safety 
valve applicable to dual completions has been devised. Such a valve must: (1) 
close automatically at a predetermined flow rate; (2) be opened from the surface ; 
(3) be accessible for inspection or repair. 

The valve suggested is a pressure-differentially-operated valve which shuts in the 
annulus when flow exceeds a certain rate. It is opened by repressuring the annulus. 
All working parts can be installed and removed by wire line. The valve has been on 
test for several months, and has proved satisfactory. C.. G. W. 


78. Secondary oil recovery inGermany. W.Rihl. Kohle, 1948, 1 (1), 20-5.— 
The principles, methods, and applications of secondary recovery are outlined. There 
has been a lag in its application to the German fields because, with the exception of the 
first five, they have not long been in production, are mostly small, and the tectonics 
are very complicated. However, the great need to better a primary recovery of 25%, 
has provided a stimulus during the past ten years, and it is now considered that more 
deposits are suitable for secondary recovery processes than had generally been accepted. 

Apart from oil-sand mining which dates from 1915-19, the first experiments were 
with air drive in shallow Senonian deposits at Wietze in 1932. Gas and air drives 
have been in operation for a number of years at Berkhépen and Nienhagen, with no 
great success. Better results were obtained at Mélme in 1943. The largest and most 
successful repressuring project was at Reitbrook, and some details of this are given. 
Other air- and gas-drive operations are at Heide and in Baden. 

Acidizing is not discussed because it is common practice in many fields. Experi- 
ments with surface-active agents are being made, but heating the oil in place in the 
reservoir has not yet been investigated. Other items on which research is necessary 
are core recovery and examination, water problems, the application of bacterial 
activity to the freeing of oil from the rock, and the selective shooting and opening-up 
of tight zones. Data and experience of field applications of these various processes 
are required. 8S. E. C 


79. Water flooding as a secondary recovery process. U. Nehse. Erdol u. Kohle, 
1948, 1 (10,11), 301-7.—The characteristics of the various forms of reservoir control 
are reviewed. It is usually considered that the best, either primary or secondary, is 
a slow, controlled advance of water. The conditions necessary for a successful water 
flood are outlined and the main items in American practice tabulated. The example 
of Throckmorton Co., Texas, is dealt with in some detail, because reservoir conditions 
there are somewhat similar to those in some Northwest German fields, e.g., Oberg. 

S. E. C 


80. Pumping equipment for water flood projects. E. Caraway, Petrol. Engr, Sept. 
1949, 21 (10), B-S1.—The selection of pumping equipment is based on whatever data 
may be available, and on what the programme is planned to accomplish. Two 
available methods of water injection are: (1) the five-spot method, where each oil 
well is surrounded by four water-injection wells; (2) the line dri¥e method, where 
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water is injected along one edge of a field, and as the line moves over the field, wells 
producing 100% water are abandoned and may be converted into injection wells. 

The size and capacity of pumping equipment is determined by the well load and 
fluid volume. Hence it is necessary to know: (1) max amount of fluid to be produced 
per 24 hr; (2) depth tothe pump. Peak polished rod load and peak torque are deter- 
mined by the usual calc and the net polished-rod load is determined assuming that 
60% of the peak load is counterbalanced. 

Knowing well depth, an approx satisfactory speed of operation may be determined 
from the formula. 


237,000 
~ Depth in ft. 


Frequency 


~,ete. Having 
5 


where the speed of operation is a half-order of the frequency, #.e., [8 35 
determined the speed of operation, the size and stroke of plunger required to give the 
desired displacement are simply calculated. 

The value of portable pumping units for wells with a short anticipated life is 


emphasized. Cc. G. W. 
Oilfield Development. 


81. Record set by world crude production. G. O. Ives. World Oil, 15.2.49, 128 (11), 
221.—During 1948 the oil output was 3,404,574,000 brl and 12-4°% above the 1947 
figure. U.S.A. produced 2,016,200,000 brl. Mexico’s output of 58,376,000 brl was 
the highest for twenty years. Bahrein gave 10,808,000 brl, Iraq, 21,996,000 brl, 
Tran 189,802,000 brl, Saudi Arabia 142,853,000 brl, Venezuela 491,357,000 brl, Colombia 
23,792,000 brl, Egypt 11,419,000 bri, the Netherlands Indies 30,686,000 brl, and 
Canada 12,543,000 bri. Estimates for Russia and other eastern European countries 
were U.S.S.R. 210,450,000 bri, Roumania 29,168,000 brl, and Poland 973,000 brt. 
The changes in output are briefly discussed for various countries. Tables give by 
countries the 1947 and 1948 outputs and daily averages, and the cumulative production 
to the beginning of 1949; and the production by countries and by years since 1857. 
G. D. H. 


82. World development accelerated during 1948. Anon. World Oil, 15.2.49, 128 (11), 
236.—The Ledue field was expanded until its reserves were indicated as 200 million 
bri, and 65 miles northwest Redwater was opened at the same horizon, but with a 
thicker pay and reserves believed to exceed 400 million bri. Five other new fields were 
found in Canada in 1948; an important deeper horizon was opened at Turner Valley, 
and there were extensions to a number of major gas reserves. 

The thirteen fields of the Middle East were producing at the rate of 1,320,000 b.d. 
at the beginning of 1949, having risen by 362,000 b.d. during the year. Operations 
at Dukhan were reopened. At the end of 1948 Kuwait was producing 200,000 b.d. 
Abgaiq and Buqqa have been shown to be one field, the limits of which have not been 
fully established. Its current output is nearly 400,000 b.d. The Ain Dar field was 
opened on @ parallel structure 28 miles west of Abqaiq. This line has been traced for 
125 miles in a northeast-southwest direction. 

Two wildcats in the Basrah region were drilled, and the discovery of gas was reported. 
Activity was resumed in the Ain Zalah area. The Kirkuk structure has been developed 
sufficiently to meet the pipeline requirements. 

Venezuela averaged 1,342,505 b.d. in 1948. The Tucupido area produced about 
10,000 b.d. Activity was revived in the San Joaquin area. A number of new fields 
were opened in the Oficina area, some producing 16-20 gravity oil. The Dificil field of 
Colombia was opened to production. The Cerro Manantiales field was enlarged, and 
& new area discovered to the southeast. 

The Dutch East Indies produced 48 million brl in 1948, and at the end of the year 
the rate had nearly reached the pre-war level. Early in 1949 the Klamono field of 
New Guinea was giving 400 b.d. The Seria field of British Borneo was giving 60,000 
b.d. at the end of 1948. G. D. H. 


83. 1948 completions break ll-year-old record. World Oil, 1.2.49, 128 (10), 34.— 
38,803 wells were completed in the U.S.A. in 1948. The total footage was 134,659,093 
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ft. A table gives the completions by states for December 1948, and according as they 
were oil, gas, or dry. G. D. H. 


84. 11,441 increase made in producing oil wells. Anon. World Oil, 15.2.49, 128 (11), 
167.—-At the end of 1948 the U.S.A. had 439,963 producing oil-wells, 11,441 more than 
at the end of 1947. 21,761 new oil wells were completed in 1948. The daily average 
output per well was 12-7 bri. 49,720 wells were flowing naturally at the end of 1948, 
and 37,654 of these were in Texas. 

Tables give the number of producing oil wells in the U.S.A. at the end of each year 
from 1918, with the number of new oil wells completed during the year and the average 
daily output of the wells; the number of flowing wells, and wells on artificial lift in 
each state or district at the end of 1947 and 1948, together with the daily average 
output per well at the end of each of these years. G. D. H. 


85. Californian well first to drill below 18,000 ft. ©. Smith. World Oil, Mar. 1949, 
128 (12), 70.—Limoneria | in the North Montalvo area of Ventura County has reached 
a depth of 18,000 ft. 

497 exploratory wells were completed in the U.S.A. in January. 102 were successful, 
giving fifty-two new fields and twenty-two new oil pays. There were nine gas and ten 
distillate finds. 

A table summarizes January exploratory drilling results by states. GD. B. 


86. Mississippi. EX. Adams. Petrol. Engr, Sept. 1949, 31 (10), A-41.—The history of 
the discovery of oil and development of the oil industry in Mississippi are outlined. 
C. G. W. 


87. Western Canada has banner year. ©.O. Nickle. World Oil, 1.2.49, 128 (10), 209.— 
In 1948 western Canada’s oil output rose by 4,600,000 bri to 11,950,000 bri. At the 
end of the year sixty-five geophysical crews were operating, and there were eighty 
rigs. 1,700,000 ft was drilled in Alberta, 366 wells being completed (210 oil, twenty- 
three gas). At the end of 1948 Redwater had six wells and reserves estimated at over 
500 million brl. Leduc has 200 million brl of oil and 500,000 million cu. ft. of gas, 
but its full extent has yet to be determined. In 1948 Leduc produced 4,650,000 brl 
of oil. The Pincher Creek well had a potential estimated at 45 million cu. ft. per day 
with 1500 b.d. of light oil. In the Hanna—Craigmyle area a well on test gave 360 b.d., 
and another had a substantial oil flow in a drill-stem test. 

The Lloydminster area produced 1,600,000 bri of oil in 1948. Small oil discoveries 
were made at Brooks, Armena, and Baxter Lake, while there were gas discoveries or 
extensions at Medicine Hat, Viking-Kinsella, Foremost, Hanna, St. Paul, Vermilion, 
and Keystone Valley. Turner Valley produced about 4,880,000 brl of oil. 

G. D. H. 


88. Venezuela output up 13-8°/, over 1947 period. Anon. World Oil, 1.2.49, 128 (10). 
214.—During the first eight months of 1948 Venezuela’s output of oil averaged 
1,326,942 b.d. 89° of the oil came from thirteen fields. The Bolivar Coastal Field 
had a daily average of 579,844 b.d.  Jusepin and Santa Barbara appear to have passed 
their peak, but they jointly averaged 70,25] b.d. 

A table gives the daily average production in various countries for a month or more 
in the latter part of 1948. G@. D. EL. 


89. Venezuela’s Tucupido field yields 9000 bri daily. Anon. World Oil, May 1949, 
129 (1), 242.—-Sixteen producers have been completed in the Tucupido field, and thir- 
teen have tested a total capacity of 9900 b.d. of 39-6° oil. Tucupido is in Guarico, 
and the first wells were completed in the Betty sand at about 5500 ft. A dry hole 
and two gas wells have been completed. 

Two dry holes and four producers have been completed in the Pelayo concession 
12 miles east of Leona. Two wells on test indicated 1250 b.d. 

Last October a producer was completed on the Socororo concession. G..D. E. 


90. U.S.S.R. reports oil and gas production increase in 1948. Anon. World Oil, Apr. 
1949, 128 (13), 236.—The U.S.S.R. is reported to have produced 214 million brl of oil 
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in 1948 and 189 million bri in 1947. The eastern region gave 104 million brl in 1948. 

This area, which includes the Urel—Volga region, gave 19-3% more than in 1947. The 

western and southern regions with 110 million bri were only 6% above the 1947 figure. 
G. D. H. 


91. Germany’s output up. G. O. Ives. World Oil, Mar. 1949, 128 (12), 206.—In 
1948 Germany produced 4,495,593 brl of oil. Georgesdorf produced 375,760 bri and 
Emlicheim 458,943 bri. Nienhagen-Haenigsen produced 880,000 brl, 74° less than 
in 1947. Drilling in 1948 totalled 525,000 ft. 

A table gives the 1947 and 1948 outputs by fields. G. D. H. 


92. Austrian development programme begun by Russians. Anon. World Oil, May 
1949, 129 (1), 236.—Oil has been found at Matzen, 20 miles northeast of Vienna, and 
on the line of the Zistersdorf field. On test 1500 b.d. was obtained at 1800 ft. 
In 1947 Austria is estimated to have produced 6,800,000 brl of oil. Muhlberg gave 
over 1,500,000 bri in 1947, and at the beginning of 1948 had eighteen producers. 
G. D. H. 


93. Hungary’s production continues decline. Anon. World Oil, Apr. 1949, 128 (13), 
242.—Hungary produced 3,580,000 brl of oil in 1948 and 4,330,430 bri in 1947. In 
1948 the production is estimated to have been distributed as follows: Budafapuszta 
1,097,000 bri, Lovaszi 2,146,000 brl, Hahot 337,000 bri. 

Six wells were drilled in 1948 in the Budafapuszta area, nine in the Lovaszi area, 
six in the Hahot area, three at Vetym, one at Salomvar, one at Nadasd, and two at 
Inke. All were dry except one at Hahot, which gave a little oil, and one at Hahot- 
Ederics, which tested 5 million cu. ft. per day of wet gas. G. D. H. 


94. Roumanian production rises. Anon. World Oil, Apr. 1949, 128 (13), 241.— 
Roumania is reported to have given over 30 million bri of oil in 1948, and 28,772,000 
brl in 1947. 1,094,000 ft of hole is said to have been drilled in 1948. About 60% of 
the 1948 production was exported to Russia and her satellites. G. D. H. 


95. Production gains consolidated. Anon. World Oil, Mar. 1949, 128 (12), 216.— 
In Jan. 1949 Saudi Arabia averaged 523,882 b.d.; Bahrein produced 30,458 b.d. ; 
Kuwait produced 213,698 b.d. In Dec. 1948 Venezuela averaged 1,366,660 b.d., and 
Egypt gave 42,508 b.d. 
A table gives the production for Dec. 1948 and Jan. 1949 for various countries. 
G. D. H. 


TRANSPORT AND STORAGE. 


96. New type drain installed on Shell’s floating-roof tanks. M.W. Gable. Oil Gas J., 
20.10.49, 48 (24), 124.—An ingenious arrangement of a roof-drain on floating-roof 
tanks used at the Sheli’s Houston refinery is described. 

Hose alone was found unsatisfactory ; metal pipe is used, the load being carried on 
loose-fitting mechanical joints, and flexibility obtained by use of short lengths of hose 
inserted in the line. The drain line has been in use four months without any trouble 
being experienced. G. A.C. 


97. The roughness problem (II). ©. Wolfe. Oil Gas J., 13.10.49, 48 (23), 91.—This 
is Part 2 of an article dealing with flow through commercial steel pipe and the direct 
solution of the Fanning equation for either the flow rate or diameter. The effect of 
roughness is discussed, and equations evolved for the laminar film and turbulent 
velocity distribution curve. Equations are deduced for a smooth pipe and velocity 
distribution law in terms of average or bulk velocity, and an example is worked out. 
Six figures illustrate the article. G. A. C. 


98. The roughness problem (III). 0. Wolfe. Oil Gas J., 20.10.49, 48 (24), 94.— 
Part 3 concludes the article on the problems with respect to flow through commercial 
steel pipe and the direct solution of the Fanning equation for either the flow or dia, 
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The generalized roughness functions based on artificially roughened pipe and on 
commercial steel pipe are discussed, and formule evolved. 

A list of symbols used is given, and the results of analysis summarized. 

The articles are illustrated by a total of eighteen figures. G. A. C. 


99. Engineering and design of Trans-Arabian line. Part 1. 8. P. Johnson. Pipe 
Line News, Sept. 1949, 21 (9), 14; Mech. Engng, 1947, 71 (10), 821.—Originally pro- 
posed by the U.S. Government as a war measure, the project was taken up by private 
companies after the war as an economic alternative to the tanker route. The original 
size of 24-in pipe giving a capacity of 300,000 b.d. has been abandoned in favour of 
thin-walled 30-in and 3l-in pipe. To save shipping charges 30- and 31l-in pipe were 
telescoped during transit. With }-in wall thickness permissible line pressure is 
570 p.s.i. requiring eight pumping stations. By using y-in wall thickness at the high- 
pressure part of the line a working pressure of 885 p.s.i. may be used reducing the 
number of pumping-stations to six. Total number of pumping-stations will eventually 
be twelve, giving a max capacity of 500,000 b.d. Capacity with six stations is 315,000 
b.d, 

The terrain traversed consists of : (1) sand dunes; (2) salt bogs; (3) stable sand ; 
(4) gravel plains; (5) rocky plains; (6) lava beds; (7) more or less cultivated land. 
Where possible the line is buried, otherwise supported in pressed-steel ring girders 
mounted on concrete pads or on piles. Cc. G. W. 


100. Engineering and design of Trans-Arabian line. Part 2. 8. P. Johnson. Pipe 
Line News, Oct. 1949, 21 (10), 17.—A careful study of pipeline stresses with a temp 
variation of 100° F, indicated that the pipeline would be under no more net stress if 
it were simply held rigidly in place, if suitably anchored at changes of direction. 

The possibility of failure by vibration due to the wind was considered. Some 
vibration has been experienced, but deflections have been small. During a hydro- 
static test, 3 ft of a longitudinal seam split. About a mile of line moved axially on 
either side of the break. The movement was believed due to a “ locked-up stress ”’ 
caused by installing one long section under different temp conditions to the adjacent 
sections. Later precautions were taken to free adjacent sections before welding, and 
full-strength anchors were installed at intervals of 2000 m to limit the effects of any 
failure to a short section. 

About 350 miles of 1067 miles will be laid above ground. Buried pipe is wrapped 
with a primer, a heavy coat of asphalt, a glass-febric wrap, a second coat of asphalt, 
and an exterior wrap of asbestos fabric. Magnesium anodes are installed where 
necessary. 

Hydraulic calculations were made on a basis of perfectly smooth pipe using the Lees 
equation, 

Transport of pipe from ship to site was done by a ‘* Sky-Hook *’—a cable-way with 
self-propelled carriages from which the pipe is slung. 

Pumps for the stations are of conventional design, though of very high capacity 
two-stage, 340,000 b.d. To prevent overpressuring in case of accident relief valves 
will be installed on incoming and outgoing main lines. 

Scraper traps of conventional design are being installed. 

Facilities for accommodation of American and Arab personnel are necessary at 
each station. C. G. W. 


REFINERY OPERATIONS. 


Refineries and Auxiliary Refinery Plant. 


101. Operation and maintenance of cooling towers. N. 8. Laubach. Oil Gas J., 
27.10.49, 48 (25), 73.—The design, operation, performance, and maintenance of cooling- 
towers is reviewed. 

Performance should be checked at least once a year noting conditions of water rate, 
heat load, and wet-bulb temperature. 

Californian redwood is used for cooling-towers, and to avoid deliquefication the pH 
of the water should be maintained near 7-0. Pipe and trough should be cleaned occa- 
sionally, and reduction gears adequately lubricated. Fan drive should be scrutinized, 
castings and structural bolting inspected annually. G. A.C. 
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102. Cost-imating-—excavation, concrete, and foundations. W.L. Nelson. Oil GasJ., 
13.10.49, 48 (23), 135.—No. 52 in this series gives tables showing approx costs (1946) 
of foundations and materials (material and labour) and of clearing, grading, and 
excavating, ete. <A third table lists volume of foundations for engines in cu. yd. per 
b.h.p. G. A.C. 


103. Experimental investigation of heat transfer between two immiscible liquids. 
V. 8. Yablonskii and V. P. Yablonskaya. Doklad. Akad. Nauk S.S.S.R., 1948, 59, 
1575-7.—Heating of pet products by heating an underlying aq layer is considered, 
and as a result of practical tests on water—spindle oil and water—kerosine the general 


expression Nu = 1-25(Gr.Pr*.)t was derived. Tests show that this is valid for values 
of Gr.Pr?. in the range 10*-10'*. The fuller expression for heat transfer from water 
to pet products is given by K = 1-25n(Gr.Pr*.)?, where n is a factor that changes 
relatively little with temp, and which, for fuel oil, varies approx from 0-62 to 0-7 in the 
temp interval (at interface) 20-80° C (graph given). Values of Gr and Pr are cale from 
the physical const of the oil at the temp of the water. Such approximations introduce 
an error } 5%. 


104. Attack on heat resistant steels of vanadium-containing oil ashes. P. Schlapfer, 
P. Amgwerd, and H. Preis. Schweiz. Arch. Ang. Wiss. Tech., 1949, 15, 291-9.— 
Effect on chromium (12-25%) steels (nine types) of ash (V,0O, 66-69%, SO, 12-8%, 
Na,O 8-7%) from industrial fuel oil (sp. gr/20° C 0-954, vise /20° C 500 es, S 1-83%, 
ash 0-07°) was examined in temp range 650-850° C. ‘Tests were first made by imping- 
ing at high velocity on test piece flue gas from burning of oil, but this was experi- 
mentally difficult, and similar results were obtained by heating (120 hr) small amount 
of ash on the metal. Check tests were carried out using pure V,0,. Above the m.p. 
of the ash (635° C) all the samples were attacked to a varying extent; corrosion in- 
creases with temp, and in many cases there is a marked sudden increase at temp 
>750° C. Wt loss on blank test is about 1/10th of that when ash is present. Extent 
of attack is «x time and to amount of ash. Cr—Ni steels were the most resistant, 
addition of Nb, Ta, Ti, Mn, and W had no appreciable effect, whilst steels incorporating 
Mo were particularly severely attacked. The corrosion mechanism is discussed and 
evidence put forward for the view that V compounds act as O, carriers; in the case of 
Mo steels MoO, is formed, the loss of which, by sublimation, weakens the scale. 
Corrosion does not occur in a reducing atm. Alkali content of the ash influences 
corrosive effect, which is max at an alkali/V,O, ratio of 1. Photographs are given of 
typical corrosion effects. 


105. Experimental shale oil retinery. H. B. Morris and D. L. Gilbertson. Petrol. Engr, 
Aug. 1949, 21 (9), C-26.—See Abstract No. 1483 (1949). 


106. The oil industry and sulphur recovery. 0. W. Willcox. World Petrol., Aug. 
1949. 20 (9), 42.—See Abstract No. 1796 (1949). 


Distillation. 
107. Control systems for distillation towers. ©. Pyle. Oil Gas J., 13.10.49, 48 (23), 


97.—Analyses of control systems for continuously operating dist towers are given. 
Atmospheric towers are first considered, and the importance of control of feed 
stressed. Temp in the top vapour line, correct location of product withdrawal con- 
trol, temp recording of bottom three or four plates, and level control are discussed. 
Control for vacuum towers is similar to that for atmospheric ; but control of a tower 
operating under pressure is more difficult and more intricate. 
Control systems are illustrated by eighteen diagrams. G. A. C. 


Absorption and Adsorption. 
108. Economical gasoline-plant design. ©. F. Sanderson and A. 8. Glendening. 


Oil Gas J., 27.10.49, 48 (25), 66.—The overall process economics of gasoline-plant 
design is illustrated in the study of the possibility of processing a gas of known com- 
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position. The gas was being fed directly from a high-pressure separator to a gas pipe- 
line at 780 p.s.i., and only 6 million cu. ft. per day were available. Three general 
methods of extracting liquid hydrocarbon products from @ natural gas were considered ; 
special points included question of provision of separate propane stream and of many 
small dia towers, exchangers, and pumps. Two systems were evolved, and their merits 
and demerits compared, and eventually a low-temp recovery plant was considered the 
best proposition for the gas available. G. A. C, 


Cracking. 


109. Operation of first catalytic cracker in Colorado. J. KE. Fenex, A. W. Hoge, and 
L. Friedman, Petrol. Engr, Aug. 1949, 21 (9), C-42.—See Abstract No. 1559 (1949). 


110. Catalytic effects in suspensoid cracking. ©. H. Caesar. Petrol. Engr, July 1949, 
21 (8), C-22.—In the process the feed stock, together with a small amount of catalyst, 
is fed into heating coils of the type used in pyrolytic cracking. Coil-outlet temps 
1030-1130° F, pressures 200-1000 p.s.i.g., feed rates 6-14 vol of cold feed per vol of 
reaction coil above 500° F per hour and catalyst concentrations of 2-30 lb per bri of 
feed are typical conditions. The effect of the catalyst is slight, but it increases the 
octane number of the gasoline, reduces the percentage of olefins in the light fractions, 
and inereeses the production of butanes. The latter is at the expense of the heavier 
gasoline fraction. Comparison of bauxite and silica-alumina catalyst shows that the 
latter catalyst gives a gasoline ofhigher O.N. (possibly due to production of more 
isoperaffins), higher perceritage yield of butanes, and higher coke yield. The latter 
suggests greater polymerization. Effect of temperature is similar to that in pyrolytic 
cracking. A. 


111. Catalytic reforming operations at McCarthy Chemical Company. H. A. Neal and 
C. B. Ames. Petrol. Engr, July 1949, 21 (8), C-16.—A declining market for low-octane 
gasoline makes this type of process valuable. It was designed for 3500 b.d. of naphtha 
1.B.P. 200° F and end point about 430° F, recovery was 2600 b.d. of 64 R.V.P. reformed 
motor fuel. The feed is completely vaporized, then superheated to 1060° F and 
passed to the catalyst bed. A 12-72-hr cycle is used, the carbon being burnt off the 
catalyst by a mixture of air and superheated steam, a close check being kept on the 
progress of the flame front during regeneration. Two catalytic chambers are used. The 
remainder of the plant is the usual fractionation and stabilization equipment. Direct- 
fired reboilers are employed. G. B.A. 


112. The turnaround as an efficient routine. A. L. Foster. Petrol. Engr, July 1949, 
21 (8), C-7.—-In this article various methods, routines, and findings by the maintenance 
department of Humble Oil and Refining Company in maintaining, inspecting, and 
servicing catalytic cracking units are described. The detailed story of a shutdown, 
including all the initial top work, planning, and organization is given together with the 
details of the condition of particular parts of the plant and the method of repair or 
replacement. Photographs are given of the damage to various parts of the plant. 


G. K. A. 


Special Processes. 


118. Technologists discuss progress in oil shale. R. Sneddon. Petrol. Engr, July 
1949, 21 (8), C-36.—-A speaker indicated that development of a plant capable of pro- 
ducing 100,000 b.d. would require an investment of $200 million. The shale bed at 
Piceance Creek assays 25 gal per ton. Drilling for charge placing is difficult because 
of the high strength of the shale. Crushing presents no difficulties. Demonstrations 
by the Bureau of Mines indicate that oil shale can be mined, crushed, and transported 
to retorts for less than 60 cents per ton. The Union Shale Retort is a great step forward 
in oil-shale refining (Petrol. Engr, Dec. 1948). The Union Oil Company’s proposed 
processing of the shale oil includes recycle coking and thermal cracking to reduce the 
C-H ratio and improve volatility, elimination of high sulphur, nitrogen, and oxygen by 
hydrogenation. G. K. A. 


114. Paraffin wax production. Observer. I.P. Review, 1949, 8, 303.—The manu- 


facture of paraffin wax is the only refinery process which is completely visible. 
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The Scottish Oils, Ltd., Pumpherston refinery distils crude shale oil into four fractions 
—crude naphtha, a wax-free cut, a pressable cut, and the residue. The pressable 
cut, comprising 60% of the total crude throughput, is ‘‘ chilled " to crystallize the wax, 
in two concentric tubes, between which passes the cooling medium. As the wax 
crystallizes, the oil-wax mixture tends to adhere to the internal surfaces of the tubes, 
and is continually scraped off by rotating scrapers. This material is passed to the 
filtration plant, the filter-press comprising 500 plates covered with filter-cloths. The 
press is closed by hydraulic pressure, and filtration proceeds at 500 p.s.i. Wax cakes 
are formed on the filters and wax-free oil passes on. The pressure is released and the 
wax cakes removed. At this stage, the wax is light-brown in colour, still containing 
some oil. It is melted and treated with sulphuric acid and sodium carbonate solution. 
It is then ‘‘ sweated ”’ to remove the remaining oil. The wax is cast into cakes, re- 
moved from the moulds, and bagged. R. H. 


115. Sulphur from California hydrogen sulphide. J.C. Albright. Petrol. Engr, Aug. 
1949, 21 (9), C-7.—The removal of sulphur from vent gases is essential if industrial 
smog is to be reduced. In the plant described, rich diethanolamine solution from the 
H,S scrubbers of a twin T.C.C. unit is steam stripped to release the H,S, which is then 
dried in shell and tube units. The H,S is burnt in a deficiency of air, the products of 
combustion passing through a cyclone to remove elemental sulphur, and then through 
two catalyst beds to react the sulphur dioxide formed in the combustion with H,S. 
An overall yield of 98-5% is reported. G. K. A. 


Safety Precautions. 


116. Laboratory tests on the extinction of burning oil with air foam. K. Daimler. 
Erdél u. Kohle, 1949, 2, 457—-8.—Foam mixes with burning oil on surface, accompanied 
by violent bubbling and crackling, till oil temp falls to < 100° C, when a smooth foam 
layer can form. In a vertically mounted tube 80 cm high and 12 em dia temp measure- 
ments were taken at depths of 1, 19, and 37 cm below the burning oil surface, the height 
of which was maintained const by feeding oil from below. After 2 hr temp at the 
1- and 19-em levels was 96° and 180° C and 28° and 38° C respectively for aviation 
gasoline and spindle oil, whilst at the 37-cm level temp in both cases had barely risen 
above room level (18° C). This confirms the view that in a burning tank temp rise 
below the surface is confined to an approx depth of 50 cm, although this figure may 
vary considerably according to individual factors (fire duration, wind, ete.). Foam 
should be applied till oil temp falls to <100° C, the lower hot layers being mixed with 
the surface by condensed water reaching them and causing agitation. In theory, 
confirmed by laboratory experiments, once cooling below 100° C has occurred, it is 
unnecessary in the majority of cases to create a compact foam layer on the oil surface. 
Owing to difficulties of application, water spray is less efficacious as a cooling agent 
than foam. ¥. 


117. Life and death in an oil refinery. Pt. II. P. M. Van Arsdell. Petrol. Engr, 
July 1949, 21 (8), C-30.—High heat is possibly the greatest environmental hazard ; 
the physiological effects are of three types : 

(1) Heat cramps characterized by convulsive muscular spasms that are quite 
painful—prevented by the use of salt tablets. 

(2) Heat exhaustion characterized by collapse with consciousness maintained— 
again prevented by taking plenty of water and salt tablets. 

(3) Heatstroke—preceded by partial or complete cessation of sweating indicating 
breakdown of the body’s heat-regulating mechanism. Delirium and coma may 
develop in those severely affected, and chances of recovery are then slight. 

In processing the action of hydrocarbons can be through inhalation, swallowing, or 
the body surface. The inhalation of light hydrocarbons produces anesthesia and 
unconsciousness. Skin contact produces drying and defatting of the skin, clogging of 
the pores leading to cracking and secondary infections (eczema, pimples, abscesses, 
ulcers, and skin cancer). Swallowing produces vomiting, stomach pains, fever, 
bronchial symptoms, and kidney and digestive disturbances. G. K. A. 
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118. Life and death in an oil refinery. Pt. II. P.M. Van Arsdell. Petrol. Engr, Aug. 
1949, 21 (9), C-16.-The hazards from thermal cracking are generally high heat and burns 
and scalds, the latter especially when failure occurs in some part of the plant. Burning 
is a prevalent hazard and in each department one or preferably two persons should be 
trained to administer first aid. Catalytic cracking has the above hazards, together 
with the effect of the catalyst. Eye contacts with catalyst dust are responsible for 
much time lost, and these cases should be treated by copious washing with water. 
Bismuth, cadmium, magnesium, and vanadium oxides have toxic effects on inhalation. 
To guard against inhalation hazards of this type goggles and dust respirators should 
be worn and gloves should be used to protect the hands and forearms. G. K. A. 


119. Paraffin {kerosine] pneumonia. M. Gelfand. Brit. Med. J., 1949, ii, 1151-2.— 
Case reports are given on five infants (one year) who had swallowed approx 30-60 ml 
of illuminating kerosine. Pyrexia (100-103° F) for a few days, coughing, and pul- 
monary involvement are the main signs. Lesions of the lung base are often found, 
thought to be due to absorption of the kerosine from the stomach with subsequent 
settlement in the lungs rather than to direct aspiration of the liquid. Hospitalization 
for observation is recommended, gastric lavage is usually desirable, prognosis is good. 
American literature on kerosine poisoning is reviewed. eS 


Propwcts. 


Chemistry and Physics. 


120. Flame velocity at atmospheric pressure and the influence of promoters. A. C. 
Egerton and J. Pooling. Rev. Inst. frang. Pétrole, 1949, 4, 277-81.—Flame velocities 
in n-butane (2°43-4-83°,)/air mixtures to which 4% of various promoters (ethyl 
nitrate, diethyl peroxide, T.E.L., NO,, acetaldehyde) had been added was studied 
both photographically and by the Stevens (J. Amer. chem. Soc., 1926, 48, 1896) soap- 
bubble method. Tests were made in a horizontal glass tube 5 cm dia. The effect of 
all the added materials was to decrease flame velocity. Means of measuring the latter 
are discussed, and the advantages of the burner method are especially noted. V. B. 


121. Slow oxidation of hydrocarbons. ©. F. Cullis and M. F. R. Muleshy. Rev. Inst. 
frang. Pétrole, 1949, 4, 283-7.—Ease of oxidn increases with length of non-branched 
C chain in mol. Proximity of a CH, group appears to retard oxidn. Reaction rate 
varies sharply with hydrocarbon concn, but, above certain min, is largely independent 
of O, conen. Length of induction period is inversely proportional to the product of 
hydrocarbon and O, conen. Examination of the intermediate products in the oxidn 
of n-hexane and 2-methyl-pentane confirms the view that there is no fundamental 
difference between the combustion mechanism of straight- and branched-chain 


paraffins. Initial oxidn stage is RH + O,—>K + HO,, whence a chain reaction 
proceeds. 


122. Aromatization of diallyl on chrome catalyst. A. F. Plate and M. I. Batuev. 
Doklad, Akad, Nauk S.S.S.R., 1948, 59, 1305-8.— Diallyl was passed over Cr,O,/A1,0, 
cat (15/85 mol %,) at 300° and 400° C using space velocities of 0-53 and 0-85 respectively. 
Examination of the Raman spectra of the product showed it to contain 6 and 11% 
respectively of benzene ; isomerization of the diallyl to dipropeny] is the main reaction. 
Determination of dipropenyl by measurement of n is therefore not reliable owing to 
simultaneous aromatization and formation of benzene. Passage of diallyl over com- 
mercial alumina at 300-305 C (space velocity 1) gave 59% of dipropenyl (determined by 
fractionation). 


123. Action of thiophene on nickel catalysts for hydrogenation and dehydrogenation of 
cyclic hydrocarbons. A. M. Rubinshtein and N. A. Pribuitkova. Doklad. Akad. 


Nauk S.S.S.R., 1948, 61, 285-8.—Catalyst studied was Ni-MgO (lattice dimensions 
given) used for hydrogenation of benzene and dehydrogenation of cyclohexane. The 
former was carried out with excess H, at 120°, 140°, and 160° C, and the latter in 


absence of extraneous H, at 300, 325, and 350° C. Activity in each case baving 
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been determined the cat was progressively poisoned with small amounts of thiophene 
and re-tested, test conditions and temp (140° C) being the same for both series. _Hydro- 
genation activity falls rapidly as S content increases, reaching zero at 3 mg S/g cat, 
but dehydrogenation is not affected till this concen of 8 is attained and then falls slowly, 
being 20% of max at 7 mg S/g cat. It is suggested that the first effect to occur is the 
destruction of active centres which activate H,, and it is deduced that thiophene on 
eat surface is oriented with S atom on the cat. Larger cat crystals require less S for 
poisoning to become evident, and it thus follows that the more resistant highly dis- 
persed cat has a larger No. of active centres. Poisoning occurs simultaneously over 
all the cat surface, the active centres with lowest energies of activation being those 
first affected. ¥. 


124. Synthesis and derivatives of cyclopentyl- and cyclohexyl-substituted aromatic 
hydrocarbons. 8.8. Nametkin and E.S. Pokrovskaya. Doklad. Akad. Nauk S.S.S.R., 
1948, 61, 1043-4.—cycloPentyl-benzene and cyclohexyl-benzene were sulphonated 
(equal vol H,SO,). The Ba salts of both sulphonic acids were prepared and also the 
Na salt of the cyclohexyl compound, but the Na salt of the cyclopentyl compound was 
too soluble in water to be isolated. Ba cyclohexylbenzene sulphonate is almost insol 
in ale and diethyl ether. The priority of work on the alkylation of aromatic hydro- 
carbons by cyclopentene, published by Cagniant et al (Compt. rend., 1947, 224, 1064) is 
challenged. 


125. Synthesis of polycyclic compounds. New method for obtaining homologues of 
1, 2-benzanthracene. 8B. M. Mikhailov and T. K. Kozminskaya. Doklad. Akad. 
Nauk S.S.S.R., 1948, 59, 509—-11.—-Meso-alkyl derivatives of 1 : 2-benzanthracene are 
of interest owing to their carcinogenicity. 10-alkyl derivatives of 1 : 2-benzanthracene 
can be prepared in good yield by reaction between 1()-bromo-| : 2-benzanthracene and 
n-butyl lithium, leading to 1 : 2-benzanthryl-10-lithium, which on reaction with Mel 
gives 10-methyl-1 : 2-benzanthracene (80°). Use of EtI yields 47-5% of the corres- 
ponding ethyl compound. Full experimental details are given. ve on 


126. Heats of combustion and formation of cyclopropane. J. W. Knowlton and F. D. 
Rossini. Bur. Stand. J. Res., Wash., 1949, 43 (2), 113.—-The paper gives the results 
of measurements of the heat of combustion of cyclopropane and calculations of its heat 
of formation from the elements and its heat of isomerization to propylene. The data 
give AH, — 2091-38 + 0-54 absolute kilojoules (or —499-85 + 0-13 k.cal) per mol 
at 25° C for the heat of combustion of gaseous cyclopropane in oxygen to form gaseous 
carbon dioxide and liquid water. With this value, the heat of formation of gaseous 
cyclopropane, from solid carbon (graphite) and gaseous hydrogen each in its thermo- 
dynamic standard reference state, is cale to be AHf +12-74 + 0-14 k.cal/mol at 
25° C. The heat of isomerization of gaseous cyclopropane into gaseous propylene is 
cale to be AH -~7-86 + 0-18 k.cal/mol at 25° C. A. 8. 


127. Heats, equilibrium constants, and free energies of formation of the dimethyl- 
cyclopentanes. M. B. Epstein, G. M. Barrow, K. 8. Pitzer, and F. D. Rossini. Bur. 
Stand. J. Res., Wash., 1949, 48 (3), 245.—Values have been compiled for the thermo- 
dynamic properties in the gaseous state to 1500° K of the heat-content function, free- 
energy function, entropy, heat content, heat capacity, heat of formation, free energy 
of formation, and logarithm of the equilibrium const of formation for the five dimethyl- 
cyclopentanes. Equilibrium consts and conens are given in tabular and graphical 
form for some reactions of isomerization. A. 8. 


128. Methylcyclohexane peroxide. K. 1. Ivanov and V. K. Savinova. Doklad, Akad. 
Nauk S.S.S.R., 1948, 59, 493-6.—-Methyleyclohexane was oxidized by passage of O, 
for 200-250 hr at 80° C in a quartz vessel. Illumination by U. V. light acceierated 
reaction, practically eliminating the induction period occurring in the dark. Addition 
of 0:3-0:5% of methyleyclohexane peroxide likewise greatly accelerated the reaction. 
Methyleyclohexane peroxide, C;H,,O,, is a stable colourless viscous liquid sol in org 
solvents and insol in water with b.p. 53° C (0-1 mm). Structure is that of a hydro- 
peroxide with a OO-H group at the tert C atom. ¥.3B. 
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129. Peroxide compounds of 2 : 7-dimethyloctane. K. I. Ivanov, V. K. Savinova, 
and V. P. Zhakhovskaya. Doklad. Akad. Nauk S.S.S.R., 1948, 59, 703-6.—2: 7- 
dimethyloctane, when illuminated by U.V. light, can be oxidized by passage of O, at 
70° C and upwards. Separation of the peroxide C,)>H,,-OO-—H is complex and involves 
freezing, solvent extraction, chemical purification, and dist under high vac. It is a 
colourless viscous liquid with b.p. 49-5° C (0-007 mm) sol in org solvents and insol in 
water. The diperoxide C,yH,,0, (OO-H groups at the sixth and seventh C atoms) is 
an unstable material (decomp 75—80° C), very viscous, fluid at — 20° C, insol in water, 
and undistillable even at 0-002 mm. Reactions of both compounds are described. 
8B. 


130. Peroxide of secondary butylbenzene. K. I. Ivanov, V. K. Savinova, and V. P. 
Zhakhovskaya. Doklad,. Akad. Nauk S.S.S.R., 1948, 59, 905-8.—sec-Butylbenzene 
can be oxidized fairly easily by passage of O, at 85° C under illumination with U.V. 
_ light. The peroxide (C,9H,,0,) is a hydroperoxide having the OO-—H group at the tert 

C atom of the butyl group. It is # colourless oily liquid, b.p. 49° C (0-002 mm), sol in 
org solvents and insol in water. It reacts smoothly in the cold with NaOH to form 
the Na salt. It is unstable, and decomp on long standing at room temp or on heating. 


131. Rate of solution of oxygen in various liquids. PF. Schlapfer, T. Audykowski, and 
A. Bukowiecki. Schweiz. Arch. Ang. Wiss. Tech., 1949, 15, 308-16.—An apparatus 
is described in which 100 em® of test liquid having a surface of 23 cm*, maintained at 
20° C, and stirred at 200 r.p.m. is examined for rate of O, absorption, the gas being 
saturated with the vapour of the liquid. O, in the liquid is estimated either iodo- 
metrically or by a direct physical method. Among the eighteen liquids examined were 
six hydrocarbons (iso-octane, benzene, paraffin oil, and three benzene /paraffin blends) 
the vise (ep at 20° C) being in range 0-54-185. The transmission coeff (em/hr) through 
the liquid film varied from 1-4 to 25-0, and the max rate of O, absorption (N em*/cm?/hr) 
from 0-2 to 7-5. For this group, in which the O, solubility was similar, both trans- 
mission coeff and rate of O, absorption were inversely « vise. For all the liquids 
examined the transmission coeff (k) = {(C/n) where C is the O, solubility in the liquid. 
k increases with rate of stirring when the latter exceeds a crit min val. Rate of O, 
absorption by H,O is reduced by a surface film of paraffin oil, but not by one of benzene. 


132. Investigations on the maximum oxygen absorption capacity of organic liquids and 
the iodometric determination of the absorbed oxygen. I. Schlapfer, T. Audykowski, 
and A. Bukowiecki. Schweiz. Arch. Ang. Wiss. Tech., 1949, 15, 299-307.—O, solu- 
bility in twenty-five org liquids, air-saturated at 20° C, was measured using a chem 
method in which dissolved O, is bound by oxidn of Mn(OH), and subsequently esti- 
mated iodometrically. The method is inapplicable to liquids reacting with I or KI. 
Results obtained (spread + 2-5%) were in good agreement with direct absorption 
measurements. Liquids investigated included seven hydrocarbons and light mineral 
oils in which O, solubility (N em*/l of pure O, at a total pressure of 760 mm) was in 
range 149 (paraffin oil, sp. gr/20° C 0-888) to 297 {iso-octane). No significant difference 
in O, absorption was observed between S8.R. and cracked gasoline (187,182 respectively). 
The influence of temp on O, solubility was determined for benzene, results varying 
from 187 to 60 in temp range 10-70° C. The expression put forward by Uhlig (J. 
phys. Chem., 1937, 41, 1215) relating the Ostwald absorption coeff to surface tension 
was verified and found applicable to the liquids tested (except alcohols). ¥. De 


133. Utilization of equilibrium vapour pressure data. L. Brewer and A. N. Searcy. 
Chem. Education, 1949, 26 (10), 548.—-The paper considers in detail techniques for 
applying equations developed for the accurate predictions of AH’, AS°,and AF values 
far outside the experimental range. Use is made of data concerning the vaporization 
of Br, to illustrate the methods discussed. Where entropies and heat capacities are 
not known, heat capacitics should be estimated for use with all vapour-pressure 
measurements to extend the temperature range in which the data can be applied. 
The inclusion of a heat-capacity term is especially important if vapour-pressure data 
are to be used in calculating heats of fusion or in determining b.p.’s, A. 8S, 
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Analysis and Testing. 


134. Estimation of aromatic content of crude oils. H. P. Mojen. Erdél u. Kohle, 
1949, 2, 446-50.—Methods for estimating aromatics are critically reviewed and their 
applicability to crude oils discussed. The ring method is considered suitable. cyclo- 
Hexane is recommended as solvent for mol. wt. estimation, and a special form of 
U-tube is described in which the an. pt. of dark oils can be measured to an accuracy 
of 0-1° C by observing a thin film of oil/aniline mixture. Measurement of n is difficult 
with dark oils, but sufficient accuracy can be obtained by taking the mean of ten read- 
ings. Results are given on twenty Austrian crudes, comparing the ring analyses of 
the crudes and of the raffinates (free from aromatics) obtained therefrom by H,SO, 
treatment. Aromatic content of crudes can be estimated from an elementary analysis 
for C and H using a graph based on a C content ranging from 85-7% for paraffins/ 
naphthenes to 93% for aromatics and a corresponding H content of 14:3-7%. It is 
preferable to use the C content (rather than H), since this can be estimated more 
accurately and is less affected by 8, N, and O compounds. Results show good agree- 
ment between aromatic contents as determined from the analysis for C and the ring 
method, but the figures based on H content are much higher. The method is inapplic- 
able to high S crudes. Both ring and C content methods show paraffin side-chains 
linked to aromatics as being paraffins. V. B. 


135. Emulsifiers of petroleum emulsions in the Emba region. V. G. Ben’kovskii. 
Doklad. Akad, Nauk S.S.S.R., 1948, 59, 1101-3.—-Repeated extraction of crude/water 
emulsions with petroleum ether causes the latter to replace the crude in the emulsion, 
thus facilitating the recovery of the emulsifying agent. Examination of emulsions 
from the Koschaguil and Sagiz fields showed such emulsifiers to be present in amounts 
of 0:08-0-1%. They are mixtures of organic and mineral matter containing up to 20% 
of the latter (particle size 40-70 yp, analysis given) derived from reservoir rocks. 
Benzene-sol portion (60%) of the emulsifier from Koschaguil crude had mol. wt. 782, 
m.p. 148-150° C; analysis gave (%) C 758-765, H 8-9, O 5-7-7-0, Fe 5-9-2-6, Si 
3-9-4:8. This material showed no surface-active properties, but was a very strong 
emulsifier, even forming stable Hg/water emulsions. A substance of similar type 
recovered from Sagiz crude had a definite surface-tension-lowering effect, but was a 
less effective emulsifier. Both materials form monomolecular layers on dist and salt 
water. V. B. 


136. Spectral analysis. M. Heros. Chim. Anal., 1949, 31,131-6,159-62.—Absorption 
spectroscopy over the wavelength range from X-rays to radio waves (divided into eight 
regions) is considered. The main discussion is concerned with the U.V. region (2100— 
3850 A) and absorption coeff for thirteen wavelengths in the interval 2400-2700 A are 
given for a number of representative organic compounds, including several hydro- 
carbons. Estimation of aromatic hydrocarbons (benzene, toluene, xylene) in air can 
be rapidly carried out by passing 2 litres of the air through cold (—10° C) alcohol and 
determining absorption coeff at three wavelengths (2475, 2515, 2650 A). This test 
can be carried out in the presence of other light hydrocarbons, although heavier hydro- 
carbons may cause interference. A brief account of applications of absorption spectro- 
scopy in the visible and infra-red regions is also given. V.B 


137. Installation and use of a double-beam recording infra-red spectrometer. J. L. 
Hales. J. Sci. Instrum., 1949, 26, 359.—The advantages of using a double-beam 
system in an infra-red spectrometer are examined. An improved double-beam 
recording infra-red spectrometer is described, and various problems attendant on the 
setting up and routine operation of a spectrometer of this type, with its double D.C. 
galvanometer-photocell amplifier and potentiometric recorder, are reviewed in detail. 

These include causes of instability in the amplifiers, the instrumental limitations of 
this type of double-beam instrument, and the effect of various factors on the elimina- 
tion of spectral absorption by atmospheric water vapour and carbon dioxide. 


138. Statistical methods in analytical chemistry. I. Mandel. Chem. Education, 1949, 
26 (10), 534.--The paper considers; (i) water absorption test on synthetic rubber, 
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(ii) U.V. absorption of GR-S in methyleyclohexane as examples to illustrate the statisti- 
cal approach to analytical chemistry. It is shown that the use of statistical methods 
in scientific experimentation does not require vast amounts of data. It is also shown 
that statistical methodology provides objective means for testing the strict validity 
of certain given theoretical relationships for given sets of data, and that such tests 
can be based on rather limited numbers of experimental values. A. S. 


139. Significance of properties of petroleum products—IV. Viscosity, viscosity index 
and rheology. A. H. Nissan. J.P. Review, 1949, 3, 295.—The significance of the 
vise of petroleum products is discussed, with particular reference to its variation 
with temperature (vise index). Absolute and comparative measurements of vise are 
illustrated by descriptions of the all-glass U-tube viscometer and the Redwood instru- 
ment respectively. Vise is merely part of a wider subject, rheology, of which mention 
is made. R. H. 


140. Cold-viscosity of lubricating oils. J. Hennenhifer. Erdél u. Kohle, 1949, 2, 
450-6.— Low temp flow of lub. oil, involving departure from properties of a Newtonian 
fluid, is discussed, and results obtained in a special pressure viscometer are given. 
Vise of an oil varies with factors such as shear stress, viscometer dimensions, and 
thermal history. By successive flow reversals through the experimental viscometer, 
it is shown that approx forty determinations are required before a const vise val (for a 
given applied pressure) is obtained ; if appreciable intervals (>1 min) elapse between 
tests this enables the structure to re-form with consequent rise in flow time, i.e., the 
oil shows thixotropy. Capillary radius influences the apparent vise which falls as the 
radius decreases since in & fine tube any “ structure ’’ formed must be fine-grained and 
hence less liable to influence vise. Results relating the capillary radius (0-08-0-24 em) 
to the apparent visc in the temp range —20 to 0° C are given for two oils, and it is 
shown that, by extrapolation to a capillary of infinitely small radius the apparent 
vise observed approximates to the vise obtained by extending the visc/temp curve 
from values determined at higher temp. At the setting point the vise for a Newtonian 
oil is approx 2-7 * 10* poises, but for oils exhibiting anomalous vise the apparent 
vise at this temp can be as low as 25 poises. In determining vise under pressure the 
latter should not exceed 5 atm, else frictional heat effects can influence the result. 
Flow behaviour of oils in the liquid-solid transition region requires three values for 
its characterization, namely, (1) the pressure at which the flow commences (in the test 


instrument chosen), (2) the “ apparent "’ vise (7 -F where 7 is the shear stress 
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7 axis, and J) the rate of shear ( sec™!)), and (3) the yield value (ry). ¥. B. 


Gas. 


141. Compressibility of natural gases. VP. Buthod. Oil Gas J., 8.9.49, 48 (18), 79.— 
Compressibility factors of gases are defined as the ratio of the true volume of the gas 
under specified conditions to the volume of an ideal gas under the same conditions. 
By the use of such factors, deviations from ideal gas laws, which are appreciable at 
high pressures, cen be corrected for. Charts relating compressibility factors to pressure 
for a series of temp for a natural gas of given specific gravity are presented. Examples 
illustrate the use of the charts. References are appended. C.G. W. 


Lubricants. 


142. Viscous properties of calcium greases. (}. V. Vinogradov and V. P. Pavlov. 
Doklad. Akad, Nauk S.S.S.R., 1948, 61, 1049-52.—Thickening effect of soap in solution 
is taken as the change in rp 4, (where rz is the shear stress at the capillary wall and 
the vise of the oil phase) for a given value of D (D = Q/7R', where Q is the flow in 
em® see and & the capillary radius). Thickening increases 14-4 times for a 15° temp 
rise in range — 30 to +50°C. Rate of increase of thickening decreases with increasing 
temp. Blends were made containing 14-2%, of Ca soap in kerosine, spindle oil, and 
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viscous distillate (vise 1-7, 19, and 75 ep at 50° C respectively). Thickening was more 
marked in the thinner base, this blend also had a lower vise /temp coeff. These findings 
appear to contradict those of Arveson (Industr. Engng Chem., 1934, 26, 628), but the 
discrepancy is explainable on the basis of Arveson’s misinterpretation of his own 
experimental results. V. B. 


148. Compressible grease. Anon. Chem. Ind., 1949, 65 (4), 496.—Hypermatic, a 
new self-feeding plug grease, recently announced in America, is claimed to be com- 
pressible to about 50%, of its atmospheric volume at 300-500 p.s.i., and is said to be 
stable up to 300° F for a considerable period. The grease is self-feeding by virtue of 
the energy stored in it while it is under pressure in the lubricant reservoir of the valve. 
It can be introduced to the valve in stick form or by means of a grease gun. 

The composition of the grease has not been divulged, but it is thought to be a stabil- 
ized gas-liquid emulsion. It is suitable for use in connexion with hydrocarbon, non- 
reactive aqueous solutions and certain chemicals. It may have application as general 
lubricant and hydraulic shock-absorber. O. M. 


144. Mechanical properties of synthetic lubricating oils at low temperatures. P. I. 
Sanin. Doklad. Akad. Nauk S.S.S.R., 1948, 61, 1045-8.—Fifteen pure hydrocarbons 
of various types and three synthetic (poly/sobutene) lub. oils were examined in an 
Ubbelohde-type viscometer at velocity gradients in the range 100-10,000 sec. The 
individual hydrocarbons showed normal vise down to within 1-2° C (or even in some 
cases 0-2—0-5° C) of their setting point. Two compounds (mol. wt. 160 and 200) had 
normal vise at temp well below their setting point. A pet paraffin (m.p. 53-0° C) and 
a ceresin (m.p. 83-8" C) had normal vise (7.e., independent of velocity gradient) in temp 
ranges 150—54° and 150-85° C respectively. The synthetic lub. oils (vise 7-8—41-4 ep 
at 50° C, pour points —47° to —64 C, V.I. approx 45) gave no anomalous effects even 
when, by lowering the temp to the region of —40° C, the vise had increased to 2 x 104 
poises. It is evident that ‘ anomalous ”’ vise (/.e., non-Newtonian flow) is due to 
complexity of structure such as occurs in natural lub. oils and which is not shown by 
pure compounds and the more homogeneous synthetic oils. Thus low V.I. synthetic 
lubricants exhibiting normal vise at low temp may for certain purposes be preferable 
to high V.I. oils showing vise anomalies at temp well above their setting point. 


¥. B. 


Bitumen, Asphalt, and Tar. 


145. Emulsified asphalt methods using road mix machinery. A. Day. [ds and 
Streets, Oct. 1949, 42 (10), 58.—The following treatment has been applied to State 
Road 64 in Bedford County, Tennessee. This was originally mix-in-place, and has 
been sealed several times since. The old road bed was left undisturbed to take 
advantage of the stability resulting from lengthy traffic compaction. A levelling 
course was laid followed by a finishing course, varying from | in at the centre to 4 in 
at the edge at the rate of 1 mile per day. Mixing and laying were continuous, rolling 
and compaction being started }-1 hr after laying. The finished surface was opened to 
traffic after’dusting a light application of screenings over the surface to prevent traffic 
pick-up. The max speed of laying was 750 tons per day (employing little more than a 
tank-ear of bitumen emulsion), and single-lane traffic obviated the need for re-routing. 
The aggregate employed was limestone with very little dust and sufficient bitumen 
emulsion to give 4:5°%, bitumen content. R. H. 


146. Paving for world’s heaviest traffic. W.H. Flood. Rds and Streets, Oct. 1949, 
42 (10), 55.—--A twenty-two-year-old pavement on Chicago’s Lake Shore Drive, laid 
on @ concrete base, has been replaced by hot-mix asphaltic concrete. This pavement 
has to withstand heavy traffic and also the softening effect incurred by the spillage of 
oil and petrol. This latter trouble leads to the necessity for obtaining an aggregate 
grading with a low percentage of voids and maximum density, with a high inherent 
stability as well as a carefully controlled bitumen content, capable of being slightly 
increased by the oil droppings without affecting the stability or causing a distortion 
of the surface. The type of aggregate and proportion of bitumen were assessed by 
laboratory control. After removal of the old asphalt surface, holes were evident in 
the concrete base, which were filled, and a 1—14-in binder course laid. This was rolled 


: 
| 
i 
é 
| 
| + 
| 
| 
| 
| 
| 
| 
jos 
| 


32 ABSTRACTS. 


and compacted, and a 2-in surface course laid. Both courses were machine spread. 
The binder and surface courses had bitumen contents of 4-9 and 6-2% respectively, the 
bitumen being 85/100 pen grade. This type of surface has been found to behave 
satisfactorily under the preveiling conditions. R. H. 


147. A procedure for designing flexible pavement and base mixtures. V. J. Brown. 
Rds and Streets, Oct. 1949, 42 (10), 60.—A test procedure, involving the use of the 
Triaxial Compression test, has been devised which provides a rational method for 
selecting base-course materials and for designing bituminous pavement thicknesses. 
The testing of large numbers of bituminous mixtures of satisfactory and unsatisfactory 
performance is necessary. RB. 


Special Hydrocarbon Products. 


148. Shell’s wax plant. Anon. Oil Gas.J., 27.10.49, 48 (25), 70.—The new wax plant 
of the Shell Oil Company at Houston Refinery is described. 

The plant covers 3 ecres, and can process 40,000 tons per year. Methyl ethyl 
ketone is the solvent, and feed stock will come from dewaxing operations of the adjacent 
lub.-oil plant and from the Wood River Refinery. 

Five wax products will be manufactured. GAG. 


Derived Chemical Products. 


149. Biological evaluation of new Insecticides. G.J. Baker. Petrol. Engr, Aug. 1949, 
21 (9), C-19.—The recent appearance of insecticides of the D.D.T. and Aerosol types 
has widened the possibilities of insect control. The Piet Grady test method, used to 
test the effectiveness of the contact type of insecticide, was not adequate for evaluating 
the effectiveness of the new compounds and new test methods for D.D.T.-type and 
Aerosol-bomb-type insecticides are described. G. K. A. 


Miscellaneous Products. 


150. Deposition of aerosol particles. A. H. Yeomans, E. EK. Rogers, and W. H. Ball. 
J. Econ. Ent., 1949, 42 (4), 591-6.—The results are given of a study of the deposition 
of aerosol particles on various surfaces in moving and still air. In still air the particles 
tended to settle straight down unless deviated by some force greater than gravity. 
Usually some air currents are present that interfere with the downward fall of the 
particles. Even when deviation occurred nearly all deposition was on horizontal 
surfaces or horizontal projections from vertical surfaces. The four methods by which 
the results reported were obtained are described. The optimum particle dia to use 
with mosquitoes was 15-81 y, for house flies, 22-4 ~. The deposition on discs of wire 
cloth, glass, filter-paper, and leaves exposed to aerosol mists travelling at 2-16 m.p.h., 
was measured. The results agreed well with those calculated by Snell’s formula. 
It was found that the smaller particles tended to deposit on the backs, and the larger 
ones on the fronts, of the discs. This division occurred at a particle dia of about 15 p 
at m.p.h. At 16 m.p.h. the division point was slightly higher. W. C. 


151. A vertical spraying apparatus for the laboratory evaluation of all types of liquid 
pest control materials. J.G.ten Houten and M. Kraak. Annals appl. Biology, 1949, 
36, (3), 394-405.— Methods for the uniform application of insecticides for evaluation 
purposes are discussed, and the apparatus used in the biocide section of the Royal 
Dutch Shell Laboratory, Amsterdam, is illustrated and described. Machine drawings 
of the nozzle and nozzle tip are shown. Interchangeable Monel metal tips of 0-45, 0-7, 
and 1-0 mm are provided so that homogeneous liquids of differing vise, e.g., water, 
kerosine, spindle oils, as well as emulsions and suspensions can be sprayed. A cali- 
brated adjusting nut with a fixed pointer allows any nozzle setting to be quickly and 
accurately made. Even distribution of deposit on the sprayed area is obtained by 
means of a rotating-air movement set up in the air tube by the tangentially entering 
air. Drawings are shown of the spray reservoirs for suspensions, straight oils, and for 
solutions in kerosine, etc. Spraying technique and the testing of the accuracy and 
adaptability of the apparatus are described. The apparatus will give deposits to 
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within +3% of those actually required when normal aqueous solutions, oil emulsions, 
or straight oils are used, this being 5° for solutions with extreme surface activity. 
This accuracy can be obtained at dosage rates as low as 10 mg/100cem*, W. H.C. 


152. Industrial oil and fat chromatography. H. Weil. Paint T'echnol., 1949, 14 (166), 
439.—An account of the author’s work is given together with a critical survey of the 
literature for promising indications of industrial applications for methods described. 

Tischer and Toegel introduced fluorescent analysis into chromatography of oils. A 
different method of obtaining coloured chromatograms with higher fatty acids was 
suggested about the same time. 

Trappe isolated quantitatively certain classes of glycerides, fatty acids, sterols, 
hydrocarbons, etc., by repeated recycling and the use of different eluents. The 
method is not suitable for separating members of a homologous series, but it may be 
practicable to separate different classes by this method and then fractionate each class 
into its components. 

Research in the following fields is briefly discussed : tocophenols, vitamins, “* aller- 
gens,” drying oils, etc. 

Subjects discussed at the Reading Chromatographic Congress, soyabean fractions 
of Iodine Value (I.V.) 173, 185, 200, resolution of mixed esters, one-double-bond 
separations, autoxidation and enzymatic oxidation, and Claesson’s frontal analysis are 
other aspects considered. 

Martin and Synge, working on counter-current liquid-liquid extraction trains, 
attempted to effect separations based on the distribution of solutes between two liquid 
phases in # chromatographic apparatus. They obtained chromatograms using 4 
stationary water—chloroform phase, held in position by silica gel, a chloroform solution 
was the moving phase. The method has now been developed with a high degree of 
efficiency. 

Patterson and Ramsey succeeded in partitioning the saturated straight-chain fatty 
acids C,,—-Cy, on silicic acid columns. A mixture of furfuryl alcohol and 2-amino- 
pyridine was the stationary solvent, and n-hexane the moving one. 

Boldingh used a diluted vulcanized rubber latex either on filter-paper or direct, as 
the stationary phase for work with fatty acid esters. It is thought that pulverized 
rubber, suitably powdered plastics, and similar materials will be useful partition 
separators, 

Solvent segregation as a competitor of chromatography is discussed. 

220 literature references are included. D. K. 


153. Review of Pigment Progress. W.M. Morgans. Paint Mnfr, 1949, 19 (11), 377.— 
A new pigment concept was suggested and put into practice by F. J. Williams and 
A. R. Pitrot; basically it consists of coating an inert extender with a thin layer of 
active pigment which is sufficient to give the necessary life for normal paints. These 
workers coated silica particles with lead silicate and sulphate by furnacing finely 
divided silica with hydrous tri-basie PbSO, and PbO for 2 hr at 625° C. The sulphate 
was incorporated because it improved the light stability of the lead silicate formed. 
Evidence was obtained that a surface layer of pigment was formed and could not be 
removed by normal grinding practice. 

A process was developed in which pigments are transferred to the oil phase while 
still in a slurry in the striking solution. The relation between pigment content and 
consistency of pigment paste was correlated on the basis of the Arrhenius equation 

r= KC. Where yr is relative visc, C is pigment content, and K, a const, 

Work carried out in the fields of white pigments, lithopones, white and red lead, 
yellow pigments, iron oxides, blue and green pigments is discussed. 

A correlation was found between photochemical reactivity and chalking tendencies 
in TiO, pigments. Colour of cadmium sulphide pigments varied appreciably, and 
light absorption was affected by the valency of the coagulating anion. 

A new grinding technique was developed using the Kidwell reductionizer, which 
reduces solid materials to small particle size by the impact and attrition between 
particles in a tube having at least one curved position into which fluid energy is intro- 
duced in the form of superheated steam or compressed air. Materials which were 
processed in reductionizers include: pigments, dyes, graphite, magnesite, clay, etc. 

There are sixty-four literature references. D. K. 
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ENGINES AND AUTOMOTIVE EQUIPMENT. 


154. British oil engine research. Anon. Engineer, 1949, 188, 489-92.—The British 
L.C, Engine Research Association was formed in 1944 to study I.C. engines of all 
powers and types for all purposes, except for use in road vehicles and aircraft. In the 
two laboratories at Slough a number of test engines have been set apart for trials on 
combustion of fuels with higher visc and S content than Pool gas oil. These engines, 
two stroke and four stroke, range from 15 to 70 b.h.p. with speeds from 1200 to 2200 
r.p.m, Other subjects being investigated are wear on liners, vibration, injection gear, 
pressure and turbo-charging, and noise. A number of Continental and American 
engines are also available for experiments. A. C. 


155. Some interesting examples of geared diesel drives. H. P. Weymouth. Trans. 
Instn. Mar. Engrs, Sept. 1949, 61 (8), 163.—Practice of using a number of diesel 
engines geared to one or more shafts for marine propulsion became fairly common in 
Sweden about twelve years ago. It is probable that about 100 seagoing vessels of 
considerable size, with geared diesel propulsion have been completed or ordered in 
recent years with machinery installations ranging from about 500 to 30,000 h.p. 
Most diesel engines drive through flexible couplings to gearing with the ratio of reduc- 
tion arranged to give low propeller speeds and high propulsive efficiency. Magnetic 
slip couplings, hydraulic couplings, and flexible mechanical couplings are mentioned 
as the three main types of flexible couplings now in use. These three types are dis- 
cussed in detail, and perforruance curves are given. A. 5S. 


156. The Thompson Vitameter. Anon. Auto Engr, Oct. 1949, 39 (519), 408.-—As petrol 
engines suffer from knock only when under power demand, it is claimed that they need 
fuel of high octane value only at conditions of full, or approaching full, throttle. As 
full-throttle work represents but a small percentage of a road-vehicle engine’s life, it is 
wasteful to treat all petrol with anti-detonant, when injection of an anti-detonant 
mixture only when required is superior in effect and considerably more economical. 
The Thompson Vitameter is a device for injecting an anti-detonant solution of alcohol, 
water, and T.E.L. directly into the induction manifold of petrol engines for road 
vehicles. It is arranged to inject the anti-detonant into the induction system only 
when the throttle is fully, or nearly fully, opened. This is accomplished by using the 
pressure in the intake manifold as the controlling force. The paper contains a descrip- 
tion of the Thompson Vitameter and indicates its position on the engine relative to the 
existing carburettor. The requirements of the anti-detonant fluid are also given, 
together with the results obtained with various compositions. Extensive tests con- 
nected with the use of the Vitameter have also revealed worth-while economies in the 
form of reduced costs for maintenance and repairs. A. 8. 


MISCELLANEOUS. 


157. Oil for the future. E. V. Murphee. J.P. Review, 1949, 3, 309.—Data are 
given upon the natural resources of oil products. Estimates of potential production 
of oil from oil shale, tar sands, coal, and lignite are made with particular reference to 
the U.S. Synthetic procedures are discussed, including modifications of the Fischer— 
Tropsch process for conversion of coal or natural gas to oil products, and a thermal 
method for obtaining oil from oil shale or tar sands. The costing of various processes 
is related to the production of gasoline, R. H. 


158. When de we need a synthetic-fuelindustry? A. L.Solliday. Oil GasJ., 20.10.49, 
48 (24), 86.—-A survey of the reserves estimated production and consumption of liquid 
fuel oil in the next few years is given. Domestic offshore and Canadian sources are 
studied. 

It is concluded that synthetic fuels will appear only when they can compete with 
petroleum products, and that needs will be fulfilled until 1961, before which date it 
will not be necessary to turn to coal and shale for liquid fuel. G. A.C. 
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159. Fuel and lubricants for the modern engine. R. J. S. Pigott. Petrol. Engr, 
Aug. 1949, 21 (9), C-47.—The author’s conclusions are that the future supply of fuel 
should now be considered by using solid fuel as much as possible and reserving liquid 
fuel for the special operations that require it, by raising the efficiency of power trans- 
formation, and by determining the best ways of supplementing liquid fuels. 

Improvement of engine efficiency is an obvious way of decreasing fuel consumption, 
raising the compression ratio should be avoided as it requires an increase in octane 
number of the gasoline. 

The present lubrication of diesel and other engines suggests that no difficulties 
should arise in the future. G. K. A. 
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BOOK REVIEWS. 


A New Notation and Enumeration System for Organic Compounds. ©. Malcolm 
Dyson. 2nd Edn. London: Longmans, Green and Co., 1949. Pp. x + 138. 
10s. 6d. 


In the preface the author points out that the earlier edition was purposely provo- 
cative to stimulate discussion and criticism. In this he has been successful, for 
Dyson’s system has attracted a considerable amount of attention. It would be inter- 
esting to know, however, to what extent it has found practical application in the 
three years since the first edition appeared. 

The second edition of this monograph has been considerably expanded and 
several new chapters added. A preliminary description of the system ‘serves to 
introduce the reader to the general principles involved. In following chapters the 
operations involved in ciphering the main groups of organic compounds are given 
in detail, being clearly described and numbered for convenience on a decimal system. 
The inclusion in these chapters of tables giving both the formula and ciphers for a 
large number of compounds of various types is of great assistance in illustrating 
the operations involved. Considerable attention has been paid to complex poly- 
eyclic compounds, for which the system is admirably suited and which are the most 
difficult to cipher. 

The earlier edition lacked a satisfactory index, and this omission has now been 
rectified. In spite of this, deciphering still remains to the inexperienced far more 
difficult than ciphering, and a glossary of terms employed would be helpful. The 
reader at times has difficulty in finding the meaning of unknown terms. 

Two major alterations have been made in the present edition. The first involves 
the mode of description of ring systems which has been altered to reconcile the new 
notation with the logic of the Ring Index. The principal of adduction has been 
given up in favour of the more logical statement of the reticular system. The 
abandoning of letters for the larger polynuclear systems involves more complex 
and longer formule, and may tend to deter the chemist from adopting the system 
for general use. 

The second major alteration concerns the arrangement of symbols. The use of 
suffixes has been found desirable in the revision of ring citations owing to the 
greater ease of manipulation of punch-card data and of indexing. Thus “ 4,5C4” 
becomes “ Cy, 45,”’ which is more in line with the accepted formule. 

The relationship between the cipher and spoken nomenclature is discussed in a 
special chapter, where it is pointed out that ciphers ‘‘ can be regarded as the abbrevi- 
ated written form of an exactly parallel expanded form which can be printed or 
spoken in exactly the same way as existing nomenclature.” It is difficult to imagine 
how a cipher system can be spoken; the introduction of a special enumerative 
vocabulary merely complicates further an already complicated system. In spite 
of its disadvantages, the existing nomenclature, with its numerous trivial names, 
does provide # mental picture of the compounds in question. Any system which 
fails to do this suffers a great disadvantage, particularly when spoken. To the 
writer this failure to create a mental picture is one of the chief objections to the 
“thia ’’ system now much used for sulphur compounds in the States. In this 
system di-ethyl tetrasulphide, for example, is referred to as 3:4: 5: 6-tetrathia- 
octane. A very considerable stretch of imagination is necessary before a compound 
of this type can be pictured mentally as derived from n-octane. A similar objection 
applies to a number of the ciphers used in the Dyson system, particularly those for 
the heterocyclic ring systems. In a cipher system this presumably is permissible. 

While it is difficult to predict whether the Dyson system will ever be accepted 
generally by chemists, it undoubtedly provides an excellent method for the indexing 
of organic compounds, particularly lending itself to punch-card systems. It 
could prove of considerable value to those working mainly with hydrocarbons, where 
the necessity of ciphering and deciphering complex compounds such as sugars and 
alkaloids does not occur. To make full use of the system, however, it will be 
necessary (if it is not to be used solely for classifier and indexer), for chemists 
to learn both how to cipher and decipher at a glance. 
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The book is well printed on good paper in stiff paper covers, which, since the book 
is expected to be frequently handled, could with advantage be replaced by a less 
easily soiled material. S. F. B. 


Oil! Titan of the Southwest. Carl Coke Rister. Norman, Oklahoma: University of 
Oklahoma Press, 1949. Pp. xxiii + 467. $5.00, 


Professor Rister, a well-known Texan historian, has produced a historical docu- 
ment of the first order dealing with the development of an industry from its inception 
to the present day, a very uncommon event. 

Many books have been written from various aspects of American oil developments, 
but whilst the “ Titan of the Southwest " covers only the oil developments of the 
great mid-Continent and Gulf areas of America, these areas play such a great part 
in the American oil industry that it gives a clear insight into the industry as a whole. 

It is an absorbing story of the development of the independent operators and the 
large corporations, covering the introduction of scientific methods and scientific 
research within the petroleum industry. Professor Rister places in its proper 
perspective the great contribution which the oil industry has made to American 
and world economy. 

This well-written and carefully compiled document is largely the result of the 
generosity of the Standard Oil Company of New Jersey to the University of 
Oklahoma, in which University Professor Rister holds the Chair of American History. 
A study of the bibliography shows the great care which Professor Rister has taken 
to ensure that in writing this history he has uncovered all the documents and 
writings which would throw any light on what he has to tell us. It is a book which 
everyone engaged in the petroleum industry should study. 


Petroleum Production. Vol. IV. Condensate Production and Cycling. P. J. Jones. 
New York: Reinhold Publishing Co., 1948. London: Chapman and Hall. 
Pp. 238+ v. 40s. 
This volume in the series by P. J. Jones commenced in 1945 deals with the applica- 
tion to the problems associated with condensate production and cycling of the basic 
theoretical formula and concepts developed in the earlier volumes dealing with 
mechanics of production and optimum rate of production. In the third volume of 
the series the same fundamental principles are applied to the problems associated 
with oil production by water drive. 
The subject-matter is treated in two sections—foundations and applications. 
The first section reviews the principles developed in earlier volumes which apply 
to condensate production. The section opens by defining reservoir fluids and out- 
lining their pressure-volume—temperature relationships. The author then shows 
how this data can be combined with porosity and saturation data to determine 
amounts of in-place gas and liquid products; various volume factors and equivalents 
for the products are derived. Successive chapters deal with the application of 
fundamentals of flow in porous media and of relative permeability data on hetero- 
geneous systems to the displacement of rich gas and water by injected dry gas. 
The treatment is extended to reservoirs in which permeability is considered to vary 
in the vertical plane. The author then deals with the case where production is by 
expansion only, leading to problems in which production is by a combination of 
expansion and displacement by injected dry gas and/or water. The case in which 
the pressure decline is such that condensate liquefies in the reservoir is also covered. 
The final chapter in the first section deals with the economics of condensate pro- 
duction from the standpoint of plant investment and operating expense and volumes 
of products under various conditions of operation. 
In the second section these concepts are applied in turn to two hypothetical radial 
reservoirs (referred to as the R—1 and R—2 reservoirs), to one hypothetical elongated 
reservoir (referred to as the E~1 reservoir), and to one hypothetical linear reservoir 
(referred to as the L-1 reservoir). In each case factors affecting the efficiency of 
the operation are discussed. A final chapter attempts to reconcile conflicting 
interests in operating to obtain maximum recovery and hence reserve value and 
maximum return on investment. 

Whilst the treatment is thorough and covers most, and certainly all the important 
factors affecting the production from condensate reservoirs, it is not likely to be 
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understood except by students of reservoir engineering. This tends to make the 
continued repetition of fundamentals rather superfluous, with the result that the 
reading tends to become tedious and the treatment appears disjointed. No com- 
parisons are made with predicted and actual performances of existing reservoirs. 
This does not necessarily invalidate the general conclusions, however, provided that 
the treatment is applied to a practical case with due consideration to the many and 
varied factors. R. B.S. 


BOOKS RECEIVED. 


Annual Reports on the Progress of Chemistry for 1948 (Vol. 45). Edited by R. 8. Cahn. 
A. D. Mitchell, and L. C. Cross. London: The Chemical Society, 1949. Pp. 
379. £1 5s. Od. 


This volume follows the general design of its predecessors, being divided into five 
main sections—General and Physical Chemistry; Inorganic Chemistry ; Organic 
Chemistry ; Biochemistry ; Analytical Chemistry. Each section is subdivided into 
chapters on specific subjects, each chapter being contributed by an expert in the 
particular field under review. Thus, the main branches of pure chemistry are 
surveyed in relation to advances in the year 1948, and there is a wealth of concise 
information. Indexes to subjects and to authors’ names are provided. 


The Petrography and Petrology of South African Clays. V. L. Bosazza. Johannes- 
burg: the author, 1948. Pp. 313. £2 5s. Od. 

In its three main parts, this book deals respectively with the petrography, the 
family groups, and the petrology of clays. The matter is treated in a general way, 
with specific references, where appropriate, to the clays of South Africa. <A biblio- 
graphy of about 250 references is given. 


B.S. 186: 1949. Cast Iron and Enamelled Cast Iron Steam-Jacketed Pans for the 
Chemical and Allied Industries. London: British Standards Institution, 
1949. Pp. 10. 2s. 6d. net. 
This standard applies to steam-jacketed pans with working capacities of 25. 50. 
and 100 gal. 


B.S. 649:1949. Reciprocating Internal Combustion Engines. London: British 


Standards Institution, 1949. Pp. 13. 2s. net. 


This applies to engines for marine auxiliary purposes and for stationary and 
industrial uses. It covers gas engines, air-injection and airless-injection com- 
pression-ignition engines, and surface-ignition types. 


B.S. 825:1949. Mild Steel Shackles. London: British Standards Institution, 1949. 


Pp. 37. 5s. net. 
Six types of shackle for shipping and engineering purposes are specified. 
B.S. 1574: 1949. Split Cotter Pins. London: British Standards Institution, 1949. 
Pp. 7. 2s. net. 


Cotter pins of nominal diameter from yy to } in and in length from } to 6} in are 
standardized. 


Symposium on Lubrication of High-Speed Turbine Gear Equipment. Philadelphia, 


Pa.: American Society for Testing Materials, 1949. Pp. 27. 75 c. 


Contains the four papers presented at the February 1949 meeting of Technical 
Committee © of ASTM Committee D-2. The papers are: ‘‘ Lubrication of naval 
gearing,’ by R. T. Simpson; ‘* Developments in gear design and their lubrication 
requirements,’ by L. J. Collins; ‘ Physical concepts of the establishment of the 
lubricating oil wedge and its associated load-carrying capacity for the mating tooth 
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surfaces of high speed gears,’ by E. K. Gatcombe ; ‘ Fundamentals of worm gear 
lubrication,”’ by A. R. Purdy. 


B.S. Code 1500: 1949. Fusion-Welded Pressure Vessels for Use in the Chemical and 
Allied Industries. London: British Standards Institution, 1949. Pp. 167. 
£1 5s. Od. net. 


This code, which is issued in provisional form for comment, provides for the whole 
range of welded pressure vessels used in the chemical and allied industries. It deals 
essentially with steel vessels and the seven sections cover: (1) definitions and 
general requirements; (2) range of materials; (3) design, including corrosion 
factors, ete.; (4) construction details; (5) inspection; (6) protective devices; (7) 
inspection during construction, etc, 


B.S. 1427:1949. Tests for Water Used in Steam Generation. London: British 


Standards Institution, 1949. Pp. 79. 7s. 6d. net. 


Provides simple and more difficult control tests for water used in steam generation. 


The Manley Engine. New York: Society of Automotive Engineers Inc. 

As a memorial to the late Charles E. Manley, friends of his in the aeronautical 
industry have published this booklet in which is reprinted part of his account of his 
experience and difficulties in constructing the first aircraft engine which developed 
a consistent high power—weight ratio. 

The main part of the memorial volume is devoted to a reprint of considerable 
portions of the Langley Memoir on Mechanical Flight, Part LI, 1897 to 1903, by 
Charles M. Manley, which was published by the Smithsonian Institution in 1911. 
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APPLICATIONS FOR MEMBERSHIP OR TRANSFER. 
JANUARY 1950. 


The following have applied for admission or transfer to the Institute. In 
accordance with the By-laws, the proposals will not be considered until the 
lapse of at least one month after the publication of this Journal, during which 
time any Fellow, Member, or Associate Member may communicate by letter 
to the Secretary, for the confidential information of the Council, any 
particulars he may possess respecting the qualifications or suitability of the 
candidate. 

The object of this information is to assist the Council in grading the candidate 
according to the class of membership. 
The names of candidates’ proposers and seconders are given in parentheses, 


Applications for Membership. 

Attrali®, E., chemist, Anglo-Iranian Oil Co. Ltd. (L. A. Wilshere; A. 
Agihdaey.) 

BENJAMIN, Timothy Edward Ashley, general trainee, Regent Oil Co. Ltd. 
(N. G. Gullick ; McGuinness.) 

Biees, Richard Roy, technical assistant, Associated Ethyl Co. Ltd. (H. 
Vossett ; F. R. Banks.) 

CAMPBELL, Angus Scott, student, Royal School of Mines, London. (S. £, 
Coomber ; G. D. Hobson.) 

Das, Satyendra Nath, chemist, Burmah Oil Co. Ltd. (W. J. Wilson; G@. R. 
Nivon.) 

ELTENTON, George Charles, senior physicist, ‘‘ Shell’? Refining & Marketing 
Co. Ltd. (C.D. Brewer ; A. J. Ham.) 

Garsipe, Alan Harry, refinery works chemist, *‘ Shell ’’ Refining & Marketing 
Co. Ltd. (H.W. Fleming ; E. J. Dawson.) 

Giuies, Fyfe, assistant secretary, Sunbury Research Station, Anglo-Iranian Oil 
Co. Ltd. (2. J. Dunstan; A. R. Stark.) 

HENDERSON, Ian Vialar, student, Edinburgh University. (C. R. W. Stephen- 
son ; J.C. Mitchell.) 

HorripGe, Percy, assistant chemist, Messrs C. C. Wakefield & Co. Ltd. 
(P. W. L. Gossling ; D. Morten.) 

Jounson, John Derek, assistant production engineer, Kuwait Oil Co. Ltd. 
(E. C. Masterson ; H. D. Fletcher.) 

Jupp, Lewis, shift superintendent, Anglo-American Oil Co. Ltd. (@. Noble , 
F. Mayo.) 

KEATING, Geoffrey Jobn, senior executive, Anglo-Iranian Oil Co. Ltd. 
(A. H. T. Chisholm ; D. E. Doyle.) 

Krosper, Kenneth Sylvester Stewart, senior clerk, Shell-Mex & B. P. Ltd. 
(A. W. Foster ; E. T. Walsh.) 

Lockyer, Peter Arthur, technical assistant, Anglo-Iranian Oil Co. Ltd. 
(J. W. Hyde; V.H. Rumble.) 

NicHoxson, Carroll Parker, deputy chief inspector, Shell Petroleum Co. Ltd. 
(H. de Wilde ; W. R. Davies.) 

Not.ey, Guy Tunstall, assistant in production dept., Anglo-Saxon Petroleum 
Co. Ltd. (O. F. Thompson ; J. B. Key.) 
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PRENTICE, Hugh Campbell, senior operator, Anglo-Iranian Oil Co. Ltd. 
(K. B. Ross ; C. E. Evans.) 

SANDERSON, Francis Harold, manager of petroleum stocks and_ records, 
Messrs Berry Wiggins & Co, Ltd. (R. C. Paterson ; A. Evans.) 

SANTHERASENAN, Veluppillay, engineer, Shell Petroleum Co. Ltd. 

Stewart, Alexander, technical officer, R.A.F. (BE. A. Jenkins ; P. F. Ellis.) 

WALKER, Robert John Edward, chief technical officer, Ministry of Supply. 
(EL. H. Jenkins ; P. F. Ellis.) 


Transfers. 

FLetcuer, Herbert Donald, engineer, Kuwait Oil Co. Ltd. (A. J. Ruthven 
Murray ; O.C. Scott.) (Member to Fellow.) 

Gray, Kenneth Washington, managing director, Commonwealth Oil Re- 
fineries Ltd. (J. W. Woollin; 7. Dewhurst.) (Member to Fellow.) 

HeskeEtTH, Raymond, chemist/technical adviser, Shell Petroleum Co. Ltd. 
(C. F. Jameson ; F. L. Garton.) (Student to Associate Fellow.) 

NAGHAVI, Said, technical inspector, Anglo-Iranian Oil Co. Ltd. (K. B. Ross ; 
M.A. L. Banks.) (Student to Member.) 


NEW MEMBERS. 


The following elections have been made by the Council in accordance with 
the By-laws. 
Elections are subject to confirmation in accordance with the By-laws, 


As Fellow. 
Muscrave, F. F, 


Transferred from Member to Fellow. 
A. D, 


As Member. 


Pixerr, J. R. 


As Associate Fellows. 
Brrrewi, A. B. H. 8. E. SHEAHAN, T. H. K. 
CLARKE, E. H. Moraan, C. R. SwEATMAN, A. H. 
Crort, R. D. Tuoms, B. H. J. 
Gaunt, R. J. Russe, J. M. Wuire, R. R. 


Transferred from Associate Members to Associate Fellows. 
BAaLpwIn, A, H. Hi, W. A. 


As Associate Members. 
Covrr, B.C. Morris, R, J. J. 
Lape, J. M. Rosensperc, D. J. Patmer, A. C. 


As Students. 
Bravan, D. A. PritcHarp, I. T. Woop, J. R. 
Evans, D. M, WALKER, S. T. 


As Member Companies. 
Tae Kuwarr Ow Company, Lrp. 
Trintpap LEASEHOLDS LTD. 
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Manufacturers of: 

HOTWIRE VACUUM RELAYS - GLASS- 

SEALED AND ADJUSTABLE THERMOSTATS - ACCURATE 

THERMOSTATS - ELECTRONIC RELAYS - RESISTANCE THER- 

MOMETERS AND CONTROLLERS - ENERGY REGULATORS - TIME- 

DELAY SWITCHES - D.C. AMPLIFIERS, etc., etc. Please write for 
appropriate Catalogue Sections. 


Sunvic House, 10 Essex Street, Strand, London, W.C.2. 


Phone: TEMple Bar 7064 8 Telegrams: SUNVIC, ESTRAND, LONDON 


Kindly mention this Journal when communicating with Advertisers. 
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‘ THE ENERGY REGULATOR provides a convenient means — 
of controlling notplates> furnaces, enamelling ovens, soldering 
irons, Wa* paths, moulding platens fact most process heaters: 
It gives the precise amount of heat pt. 
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CEMENTS 
MAKSICCAR FIRE CEMENT 


MAKSICCAR II DRY 
REFRACTORY CEMENT 


STEIN SILLIMANITE 
NETTLE REFRACTORY CEMENT 


PATCHES 

MAKSICCAR PATCH 

STEIN SILLIMANITE PATCH 
STEIN 73 PATCH 

STEIN CHROME PATCH 


CASTABLE REFRACTORIES 
STEIN REFRACTORY CONCRETE 
STEIN BAFFLE MIX 


7 life of refractory linings 


can often be improved by the 
right choice of jointing cement. 
The best cement to use will 
depend on the specific conditions 
in the furnace concerned. Similarly 
in the use of refractory patches 
to repair damaged brickwork, 
or to replace special shapes in 
certain conditions, much better 
results will be obtained from the 
material with properly balanced 
properties. In our range of 
refractory cements, patches and 
castable refractories, users will 
find a selection of high quality 
materials which can be relied on 
for a uniform high standard of 
quality. Full particulars are given 
in our REFRACTORY CEMENTS 
AND PATCHES pamphlet and 
we are always glad to give advice 
on the best application of our 
products. 


Kindly mention this Journal when communicating with Advertisers. 
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A De-propanizer Column, 
4 6° diameter by 84’ long, 
fitted with bubble cap trays 
for a working pressure of 
270 Ibs. per sq. in. 


Specialists in the design and fabrication 
of plant for the most exacting needs of modern large 
scale production. Petroleum technologists will find 
our experienced Chemical Engineers very co-operative 
in securing the exact result required. May we col- 
laborate? 


W.J. FRASER & CO. LTD. 


CHEMICAL ENGINEERING CONTRACTORS 


Head Office: Dagenham, Essex ° Works at Dagenham and 
Monk Bretton, near Barnsley, S. Yorks. 


TAS /FS.355 
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FOR BABCOCK PRESSURE. VESSELS 


The Largest Industrial 
Unit in Europe installed 
in our Renfrew Works. 


Kindly mention this Journal when communicating with Advertisers. 
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BABCOCK & WILCOX LTD. ia 
BABCOCK HOUSE, 'ST., LONDON, E.C.4 
vi 


Trade Mark 


OIL REFINERY PUMPS 


S.V.C. Single-Stage Type. List No, 3258 


Pulsometer Engineering CL reasing 


ENGLAND Established 1875 


TOWER PACKINGS 


LESSING AND PLAIN CONTACT RINGS FOR ALL PURPOSES 
| 
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THE HYDRONYL SYNDICATE LTD. 
14 GLOUCESTER ROAD, LONDON, S.W.7 
Telephone: WEStern 4744 Telegrams : HY DRONYL - KENS - LONDON 


Kindly mention this Journal when communicating with Advertisers. 
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Badger’s approach to 
wisn design, whether the process is 


or pony developed, 


i that the manufacturing 
mothods of the petroleum. and 
chemical industries should and will 
»be always in.a state of evolution and 
betterment. Through the critical 
approach — constant intelligent and 
questioning review of methods, 
materials and equipment — Badger 
): sis often able to produce improved or 


"simplified designs, which result in 
-operating economies or more 
dependable plant performance. 


e.8. BADGER « sons (creat sritain) LTO. 


99 ALDWYCH LONDON Rie 
and Constructors for the Petroleum, Chemical and lee 
Chemical Industries 


Kindly mention this Journal when communicating with Advertisers. 
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Heat resistance depends upon 
molecular structure. You can rely on plastic HERMETITE. 
It keeps a tight joint under all likely conditions of 


heat or vibration. Impervious to any hydrocarbon, it 


saves the heavy labour cost of constantly remaking leaky joints. 


PATENT PLASTIC 


HERMETITE 


No. 1310 
Write to the Petroleum Dept., The Kenilworth Manufacturing Co. Ltd. 
Hermetite Works, West Drayton, Middlesex. 


tas/kw.3, 
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Triple Ram type foundation and Platform designed for Lake Mereceibe, Venezuela. 


Weare, in conjunction with Messrs. G. A. Maunsell & Partners, 
Consulting Engineers, Westminster, London, S.W.1, specialists 
in the development and installation of all types of off-shore 
Oil Well Drilling Rigs and Foundations. 

We shall be pleased to submit proposals and schemes for this 
type of project and marine structures in any part of the world. 


ONK 


& Co LTD 


CONTRACTORS 
PADGATE 


WARRINGTON 
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START 


WITH 


TALBOT STEAD 
BRIGHT BARS 


if 


BECAUSE THE 


FINISH 


TALBOT STEAD TUBE CO LTD - GREEN LANE - WALSALL 
COMPANY 
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CONTINUOUS WASHING 


Holley Mott Plants are 
efficiently and continuously 
washing millions of gallons 
of Petroleum products daily. 
Designed for any capacity. 


May we submit schemes to 


9” suit your needs? 


mort 


rive 
Continuous Counter-Current Plant 


Telegrams: 


“Typhaitor. Fen, London Wortg.wide Licensees, HM. CONTINUOUS PLANT 
Telephone: Royal 7371/2, LLOYDS AVENUE, LONDON, E.C.3. 


Kindly mention this Journal when communicating with Advertisers. 


xii 


is 


{ 
} | 2 
| 
| 
| 
| 
2 
| 
te 
4 
3 
a 
4 
i 


American Associates : 
THE KOCH 
ENGINEERING 
COMPANY INC., 
WICHITA, KANSAS. 


GAS-LIQUID 
HEAT EXCHANGERS 


Oil Pressure in Tubes 
Gas Pressure in Shell 


1,500 Ibs. per sq. in. 
1,500 Ibs. per sq. in. 


The Shells of these Units consist of hollow forgings, 
the covers for the Shell and Floating End and the 


Liquid Channel being of Cast Steel. 


The two Units shown form part of a battery of eight 
similar Units supplied to the Anglo-lranian Oil Co. Ltd., 


for service in the AGHA JARI Field. 


A. F. CRAIG 


and Company Limited 


Caledonia Engineering Works 
PAISLEY SCOTLAND 


LONDON OFFICE: 727 SALISBURY HOUSE, LONDON WALL, E.C.2. TELEPHONE: MONARCH 4756 
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Valves 


The Cast Steel Gate Valve illus- 

trated is one of our specialised 
productions for the Oil Industry. Our range 
of manufactures includes Cast and Forged Steel, 
Cast-Iron and Gunmetal, Gate, Stop and Check 
valves for low, medium and high pressures and 
temperatures and for Water, Steam, Oil, Air 
and Gas Services. 


For Christmas Trees, Mud lines and other Oilfield Services we manufacture (under licence) 
the Newman-Milliken Glandless Lubricated Plug Valve. These valves can be supplied in 


Newman, Hender & Co. Ltd 


special metals to suit particular 
services. A_ fully illustrated 
and descriptive Catalogue is 
available on application. 
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Perspective in plant design 
and engineering calls for 
matching progressive engi- 
neering with economic fore- 
sight. We cannot predict the 
future, but we can recognize 
that the economic balance for 
a plant or process never stays 
put. We in Lummus do our 
best to look at your plans from 
past, present and future points 
of view. Our perspective has 
paid off in plants of exceptional 
operating flexibility-able to 
make a profit in spite of wide 
swings in demand. 


f tHE tummuS Company \ 


420 Lexington Avenue, New York 17, 


LUMMUS 


The Lummus Company Ltd., 525 Oxford St., 
W.1, England 
Socigté Frangaise des Techniques Lummus, 
39 Rue Cambon, Paris ter, France 


Edifico “ Las Gradilias’’ Esquina Las 


Compania Anénima Venezolana Lummus— 
% Gradilias, Caracas, Venezuela 


perspective 


In planning this French refinery both its 
initial operating level and its ultimate ex- 
panded capacity were guiding factors for 
design. Room was provided for the easy 
addition of filters, double pipe chillers and 
refrigeration equipment, to double the ca- 
pacity of the unit in this respect. An effi- 
cient plant today, it will be equally efficient 
tomorrow, because expansion need never 
be makeshift.”’ 


perspective 


Lummus catalytic cracking plants, war-built 
for 100-octane gasoline, are being operated 
to produce motor gasoline of lower octane 
rating onaconsistent low-cost basis. Their 
suitability for this latter service was at- 
tained without any compromise in design 
for their original purpose. Rather, the 
Lummus-engineered design had the flexi- 
bility to meet requirements for the effi- 
cient production of either fuel. 


perspective 


The interest of Lummus in any of its instal- 
lations does not end with construction and 
initial operation for customer acceptance. 
Periodic visits by Lummus field representa- 
tives are continued to review performance. 
In a recent case where a radical change in 
product requirements arose, these operat- 
ing checkups furnished valuable aid in 
arriving at a prompt and practical plant 
modification to meet the new demands. 


economy 
designs and builds with perspective 
fulfillment 

resourcefulness 

teamwork 

technique 
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TECHNICAL WORKS 
ON PETROLEUM 


JOURNAL OF THE 
INSTITUTE OF PETROLEUM 


Annual Subscription 94s. 6d. 


INSTITUTE OF PETROLEUM 
REVIEW 


Annual Subscription Od. 


STANDARD METHODS FOR 
TESTING PETROLEUM AND 
ITS PRODUCTS 


Price 31s. Od. post free 


MODERN PETROLEUM 
TECHNOLOGY 


Price 2\s. Od. post free 


REVIEWS OF PETROLEUM 
TECHNOLOGY Vol. 7 
(Covering 1941-1945) 


Price 21s. Od. post free 


REVIEWS OF PETROLEUM 
TECHNOLOGY Vol. 8 
(Covering 1946) 


Price 27s. 6d. post free 


INSTITUTE OF PETROLEUM 
ELECTRICAL CODE 


Price 5s. Od. post free 


DANGEROUS GASES IN 
THE PETROLEUM AND 
ALLIED INDUSTRIES 


Price 7s. 6d. post free 


Published by 
The Institute of Petroleum 
26 Portiand Place, London, W.! 


Kindly mention this Journal when communicating with Advertisers. 


XVi 


i 
j 
ta 
q 
q 
{ 
| 
| 
} 
| 
| 
‘ 
| 
f | 
| 
e 
} 
| 
ate, 
| 
| 
} 
. 
| 
2 
= 
be 


Ws. KENYON & SONS LIMITED * DUKINFIELD - CHESHIRE - ENGLAND 
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ENQUIRIES ARE WELCOMED 
FROM OIL ENGINEERS FOR: 


Phosphoric Acid 
Trisodium Phosphate 
Tripotassium Phosphate 
| Acid Sodium Pyrophosphate @) 
Tetrasodium Pyrophosphate 
Sodium Metaphosphate (Calgon) 
and 


Phosphate Glass (62:7% P.O, ) 
ALSO FOR CARBON TETRACHLORIDE 


Manufactured by 


49 PARK LANE*+ LONDON: W-1+ GRO 1311 


Works: OLDBURY & WIDNES 
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“ Newallastic ’’ bolts and studs have qualities which 
are absolutely unique. They have been tested by 
every known device, and have been proved to 
be stronger and more resistant to fatigue than 
bolts or studs made by the usual method. 
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